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gENERAL prefm:e 


Tub rapid development Applied Chemistry in regent year» 
hasp brought about a revolution in all branches of technology. 
This growth har been accelerated during tlje war, and the 
British ^Empire has 3ow an op\1brtunity of increa;ping its 
industrial output by Uie.appli^^tign of 1.his knowledge to the 
raw niaterials aVailablb in the 'dflfferent parts of the world. 
The subject in this^scries of han?ibool& will be treated from 
the chemical rather than the engineering stawidpoint. The 
iaiustrial aspect will also be more prominent than that of 
the l£^boratory. Each volume will be complete in itself, and 
will give a gen:*"^^ survey of the industry, showing how 
chemiral principles .have been applied and have affected 
manufjfcture. The influence of new inventions on the 
development of V. i industry will be shown, as also the 
effect of industrial reqi '.rements in stimulating inveniion. 

, Historical notejf will be a feature in dealing with the 
dilfeient* branches of the subject, but they will lie kept 
within moderate limits.. ITeselit tendeqpies and possible 
future developments will have j^ttention, and some %pace 
will be devoted to a comparison of imhistrial ntethfes and 
progress in the chief producing countrif^. There will be a 
geme^al bibliography, and also a select bibliography to follow 
each section. S<;atistical information will on^ be introdilced ^ 
in so far as it serves to illustrate the line of argtff|ent. • 
*Each boot will be divided into sections instead of 
chapters, and the sec^jions will deal wkh sepaj^te brajpehes 
of the Subject in the maimer,o^a special art^e or mono- 
graph. * attempt will, in fact, be ipade to get away fromi 
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the oriJliodox textbook mander, not only to pake the treat- 
ment original, but also to appeal to &i4 very large class' of 
readers^ already pefesessing good ^extboolc^, of whV:h'' there 
are quite suffieient. The books should also be found useful 
by men of affairs having no sp^i^d teclmical knowledge, but 
Who may require <rom time to time \o refer to technical 
mattery in a book' of moderate compass, with references to 
the large kandard^works for fuller details on speejial points ^ 
if required.* ^ ^ ^ 

To the advanced student the books should be ‘especially 
valuable.' His mind is often crammed with the hard facts 
and details of his subject which crowd out the, power of 
realizing the industry as a whole. Tljese books are intended 
to remedy such a state of affairs. While recapitulating the 
essential basic facts, they will aim at presenting the reality 
of the living industry.^ It i^as long been a drawback of our 
technical education that the college graduate, on commencing 
his (industrial career, is* positively handicapi)ed by his 
academic knowledge because of his lack of information bn 
current industrial conditions. L book giving a compre- 
hensive survey of the industry can be of very material 
assistance to the student as an adjunct ‘to his ordinary text- 
books, and this is one of the chief objects of the present 
series. Those actually engaged in the industry who have 
specialized in rather narrow limits will probably find these 
books more readable than the larger textbooks w^en they* 
wish to refresh their memories in regard to branches di the 
subject with whieh they are not immediately concerned. 

The volume will also serve as a guide to the standard t 
literature of the subject, and prove of value to the con- 
sultant, so that, having obtained a comprehensive view of 
the; whole industry, he can go at once to the pfoper 
authoritiej/or more elaborate information o^ special points, 
dnd \hus lave a couple of days spent in hunting throi^hAhe 
libraries of scientific societies. 

Xs far aJr this country is concerntd, it is believed that 
tlie general sfcheme of thL Aeries of handbooks is ;inique, 
^and it is confidcatSy looped that it will supplj^ mental 
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munitions for^^he coming industrial fear. I haj^e been 
fortunate in securiJgJWriters for the difnren1f*volumes who 
are ' specially -ftiyif' -ted ^with tjie several departjaents of 
Industrial CLc^stry, and trust that the whole series will 
contribute to the further <i5'^lopment of applied chemistry 
thibughout the Eir;>ire, 

SAJfUEL RIBEAL. 




AUTHOR^S PREFACE 

Tins industries briefly fsunimarizccj^in the present volume in 
their nfodern applications have reaijhed a considerable 
magnitude and involve considerations of an economic 
character which must be based Tipon accurate chemical data 
for future develop*ment. A student makii^ a choice of 
ii^lustrial chemical work is apt to think that the industries 
dealing with starth, sugar, and alcohtl, do not afford much 
scope* for the application “of chemical principles; but this 
book may serve to dispel such an erroneous view, and show 
t]jat not only is a Jairly wide knowledge of the chemical 
constitution of these sugars and their synthesis, formati(jn 
in the plant and in the laboratory important, but that ^leir 
decomposition psoducts involve biochemical ch^ges of great 
interj^st Which cannot fail to be of value in establisl^ng new 
world conditions of exchange. - 

Many of the 'problems specially appeal to the#5ritish 
public, amd afford considerations of tropical agticultCire and 
chemical manufacture under economic gonditioi^ of power 
and* labour which may modify future progress. ‘It is 
impossible within the scope of a single volume morg than to 
glance at these varied developments, but it is ho|{edthat the* 
outline^here presented may be of interest to many readers, 
and stirtiulate greater^interest in this country i^ some qf the 
industrks which hitherto as ^ nation we h^e not taken 
into sftfecient account. It has b^en difficult to avoi(^ 
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•references to conijTanion volumes iu^ilie s^^'ies seeing that 
wood and cellulose supply methyl aldofiol and* sugars, that 
fudl production add utilization •includec ‘the pro6km of 
industrial alcohol, and that the Carbohydrates are 'still 
industrially plant products. 


vSAMUEI. RIDBAE.. 
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CARBOHYDRA-TES 

INTRODUCTION 

The great group of the carbohydrates, including cellulose, 
‘starch, fhe suga^-^ and gums, forms a-^lasa of compounds 
of extreme interest, • both froni^heir wide distriJbution, 
especially in the vegetable kingdom, ^nd for their utility 
to iiraukind, fiirnishKig food, oiothmg, building materials, 
fuel, paper and explosives, and<he scmrce from which wine, 
spirits, beer and other beverages aje prepare(j. 

^ They are clas^lled on the basis of molecular complexity 
into — 

Monoses or Y. ^saccharides, as dextrose and levulose ; 

Si^ccharobioses or Bisaccharides, as cane sugar and 
nlhltose ; 

Saccharotrioses . r Trisaccharides, as raffmose ; and 

Polysaccharides, inch iing starch and cellul(jse. 

Cellulose. — Cellulose in its many forms constitutes the 
basis ' of the skeletal frameWor]^ of all plants, supporting 
and containing tj^e living protoplasm of the vegetalrfg cell. 
jThe cell-walls in the early stag^ of developi3;went Consist 
entirely df cellulose, but as the plant grows thjy become 
encrusted with other products of growth ^either mechanically 
as ISiJlouring yiatters, resins, and other foreign substances, 
or chemically, a!S bodies closely allied to cfclluljse ’forming* 
the .compound celluloses. The latteii are considerably le^ 
resistaik than cellulose proper to the actio^ of all^lis, 
oxidizing agents, and the halogens. * • • 

Cellutose to form the cell-^q^l is probably deposited as 
h' hydrated colloid formed indifectly starch. At this 
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early stage it is much more susceptible to cjtemical reagents 
than in its Isder l^s hydrated form.*, ^^he '^purest fofiti.in 
which it < occurs in nature is in cotton and similar s^d hairs, 
and in pith, but even th^c contain a small proportion of 
inorganic constituents in such close combination with the 
•tissue that aCter ignition they retain the form of tfie original 
stVuctu;-e. • ^ , 

As prepared from raw fibrous materials such as cotton, 
flax,^and hemp, cellulose is a white, lustrous, more of less 
translucent substance of organized structure an^d'jios^essed 
of a certevn hygroscopic character, so that when* air-diied, 
it usually contains from 7 to 9 per cent, of moistuje. The^ 
question of moisture k oi great importance in the textile 
industry, since the pliability and tensile strengtl^ of the 
threads are greatly affected by their hygroscopic condition. 

The elementary composition of pure, dr^, ash-free’celhi- 
lose is: carbon 44^2, hydrogen 6*3, oxygen 49‘5 per cent., 
corresponding to the empirical formula C(jHio05, and thus 
accords with the constitution characteristic of the carhft)- 
hydrates in which the hydrogeq and oxygen are present 
in the same ratio as in water. 

Cellulose is insoluble in water and all simple solvents, 
but is dissolved in cuprammoniuni hydrate (SchSveizet’s 
reagent) from which it is precipitated by acids, some alkali 
salfs, and by sugar, but in a hydrated and modified form. 
Its general inertness to chemical reagents' renders it usefuU 
for filtking purposes. Attention may here be directed to 
its p9V*.er of retaCning considerable quantities of some salts 
by abss^orptipn. For further details we refer the reader to^ 
the volum^e in this series on Wood and Cellulose. ^ 

The immense a'ccumulation of vegetable matter in the 
wo, ’•Id as leaves and wood, consisting mainly ,j0f cellulose, is 
• removed to re^-enter the cycle of life after being broken 
down by the action of^bacteria and enzymes.,^ 

Without attempting to make any estimate of the total 
production of cellulose in the world by vegetable growth, 
some idea of ‘its magnitude ^nay be formed by co^idering 
the case of one pa,rticular plant, cotton, the seed hairs of 



INTRODUCTION^ 


3 


which form th^roduct in question. Sfr Charles W Macara 
states that 'the world’s average cotton 'crop* may now be 
estimgit^d at 2 o;joo,c.jO bales oi poo lbs? each, or three thnes 
the quantity thv*t was produced ten years ago. There are, 
moreover^ 2 lbs. of seed to every i lb. of cotton. The hulls 
forfti hay for feedi’g, and oil is obtsrined ffom the seed 
and the residual cake is used foi>feeding ^tefck. 

Starch. — The * earliest preparation •of starch was no 
doubt made from wher* ', and was callgd amylum by the 
Greeks, ^ncc it was not obtained by grinding in a mill ^s 
flour is. * Dioscorides states that the best kin^ of starch 
flour is, obtained from Cretan or Egyptian wheat. The 
^ain was steepcu iq water to and then kneaded 

and wfeshed with water. The husks .were next sieved oftt, 
and, the deposited ^.arch drie^ on 'bricks in the sun, since' 
if left moist if soon became §our. , Pliny (lib. xviii. c. 7) 
gives a similar account, and states that starch was discovered 
at Chios. 

• Starch is, neyt to cellulose, the most abundant material 
found in the vegetable world, and is present in all green 
plants, in which it occurs as microscopic granules of appa- 
rently organized stiucture. It is absent from the top of the 
bud and the extremity of rootlets, otherwise it is foupd 
in all parts of the plant in varying amounts ; in s^eds, 
with the exception of certain oleaginous seeds, and most 
abundantly in*those of the cereals and legumiposse, in 
roojs, tubers, steins, and leaves* It acts as a reserve material 
for the needs of 4he plafit, and forms an(f disappears i)y the 
action of diastases secreted by t^e protoplasn>^ccotding as 
the cell Juice is rich or poor in sugars. In the gij^en parts of 
plants it is associated with chlorophyll, which determines its 
forSiation by the action of light from carbon diqxide^and 
water. Although it is the first visible “product of t^s 
photosynthesis, it Is probably a pol)%ierized form of simpler 
bodied!. It gradually disappears fronj the leaves durhig the 
dark, but is formed in darkness when a living leaf is floated 
on a solution of glucose, galacWe, fructose, sucrose, maltosq, 
or even glycerine, but not whe^ lact(&«por rafiSnose is used. 
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• Pur^ starch is a ^hite glistening powder ^free from taste 
or smell, not vftlatiJe, infusible, uncrystalljiabie, and insoluble 
in '^ater ^and all nedtral solvents. It differs from f ejlulose 
in being insoluble in cup»mmonium oxide. Under* the 
microscope it is seen to consist of minute granules of a 
concentrically^ stratified structure, the Size and form of<^he 
granule^ being chaVacterisyc of the plant from which jthe 
starch is derived. « The outer layers are" denser than tliose 
nearer- the nucleus or hilum, which appears as a dark spot 
and generally occupies an excentric position. The’^rahules, 
when intact, are quite unacted upon by water, 'owing* to 
the protective actiqn of the outer layer. When yfis layer 
is broken, however, walv."^ is readily aJ)Sorbed, the contents 
of the granule swelU considerably, and a small quantity 
passes into solution. By appropriate, 'treatment the ^hole 
of the contents of the .granule may be removed, whilst the 
outer coating is left in the form of extsemely thin layers. 
Treated with a ''solution or iodine this outer coating gives a 
dirty yellow colour, whilst the cell content;i are coloured afti 
intense blue. This reaction is characteristic of all starches, 
and is not produced by any other known substance. The 
interior contents of the granules have been named granf.lose, 
and the substance forming the outer layer, starch cellulose. 
Another view of the matter is that this granulose, or amylo- 
cellulose, conctitutes from 8o to 85 per cent, of the granules, 
the rest being a mucilaginous substance, 'amylopectin, to 
which the viscosity of stanch paste is due. But amylo- 
pectiulSt'probably’tierived from amylo-cellujose by condensa- 
tion juSt as-,amylo-cellulo§fe is derived from sugars. Solid 
starch may be regarded as a coagulated substance 'which in 
naturf^ has passed from the state of colloidal solution to the 
solid form, the passage of solid starch to starch-paste *ftnd 
soluble starch being a reverse process to this. Moreover, in 
tfie t?:ansference of starch by the action of translocation 
diastase, whereby it is removed in a soluble form for the 
needs' of the plant, instead of being converted into soluble 
sugar for this end, it may futesibly be merely concerted to 
a soluble starch. 
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When heated with water* to a ttmperature tvarying 
according to tl^e orjgin of the starch, it Swells up and forms 
a paste| which ai cooling forms a jellj^. The vkcosity of 
star(ih paste Vari es widely, depending not only on the variety 
of starch used, but also on the treatment during preparation 
in purifying and dry^-.g. 

. When starch is heated with water* under pressure •to 
150“ C. it is converted into a mocfificaticgi known as soluble 
starch, tii this form it r soluble in hot water, but separates 
out dh cdoling, or on the addition of alcohol, as a white, 
floCculenf amorphous pucipitate. Soluble start^i may also 
be prep^Ljed by treating starch with I n^ rochloric acid, with 
extract of malt, *...t glycerol, or ^#fak solution of caustic 
soda, ^tr specific rotation is [a]D+2^2 at 15° C. in*a 2*5 io 
4’ 5 p^er cent, solutions 

Tlie action •of dilute acids on starch varies with the 

• • 

concentration, teiiiperature, and pressure, resulting in its 
gradual hydrolysis or saccharification. Tht same result is 
(Stained on starch paste by various enzymes, the most 
active of which are the di^tase of malted barley, the ptyalin 
of saliva, and tiic tjancrcatic juice ferment (trypsin). The 
starch is first converted into soluble starch, then into dextrin 
asid maltose, and finally, on prolonged action, into glucose. 

Dextrin. — Stamen gum or df^xtrin is a gum-like substance 
soluble in cold water, and precipitated from its solution in 
an amorj^hous form by alcohol or by barium hydroxide. 
The name dextrin was given yo it to indicate its dextro- 
rotatory power. ^ It was first obtained 1 ^ heating^arch, 
and was found along with gluc<1^e when star(;h ws^ acted 
upon b>^ diastase or by boiling witn dilute ^cid. It is 
present in all starchy seeds during germination a^d in 
matted grain* During the progressive hydrolysis of s^^rch 
by diastase a nhmber of dextnnes are fornled intermediate 
betyveen starch on the one hand and the final pro^uefs, 
maltose and glucose, on the other. These are of gradually 
diminishing dextro-rotation and of increasing cfipric- 
reducin^ power, and certain*^ them givtf characteristic 
colo»r fractions with iodine^ Solifbie starch or amylo- 
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dextrinei, is first foKtned and is coloured ^lue by iodine, 
next erythrodextrine, coloured red by i;odme,.and subse- 
quently aohroo-dextiines, which give no colour. 

The starch molecule ifaay be regarded as consisting of 
four complex dextrin groups connected with a fifth group 
of similar chuiracterr but which is far less readily resulted 
thiin the others ‘by diastase and remains as the so-caljed 
stable dexttin on hydroly^s. The first action is the break- 
ing up of the (complex molecule of starch [(Ci2H2oOio)2o]5 into 
the stable dextrin ’(Ci2H2oOio)20 and four groups' 6f readily 
hydrolyzabje dextrins or amylin groups. Each amjflin grobp 
gradually hydrolyzes to a series of complex amyjoin or 
malto-dextrin groups b., staining one or more molecules of 
mfiltose^ C12H22O11, thus : tCi2H2oOio)20+H20=Ci2ll220n • 
{Ci2H2oOio)i 9, and sc- on to (Ci^H2oOio)20 + i9Ji2 C> 
=(Ci 2H220 ii)i 9 .Ci 2H2^0 io. ' These complex iimyloin groups 
break up into smaller molecular aggregations, which, how- 
ever, »,retain all’ the characteristics of the amyloins, and 
this goes on until the maltose stage is reached. ** 

An alternative view of the pjocess is that the stable 
dextrin stage is reached when the whole of the amylose of 
starch is converted into maltose, and- the amylo-pectin, 
which forms one-fifth of the starch, is left, and this is onl>' 
sldwly converted into maltose by another ferment, dextri- 
nase', also present in diastase. 

Commercial dextrin is a light powdei or ^emi-transparent 
masses generally of yellowish colour with a smell somewhat 
like n^)^obread. It dissolves completely ip^ water and gives 
a red colour T\ith iodine. Tile specific rotation is [a] D = -4'i95* 
Sugars^ — Sugar in the popular sense alwayij means 
cane sugar or sucrose, whether derived from the sugar cane, 
beel^Toot, or other plant, and to the manufacturer is kn^^vn 
as crystallizable sugar because the glucose and fructose 
present along with it, tcspecially in can© products, remain 
behind in the mother syrup or molasses. Unlike ctarch, 
whic^ is present as a' solid, sugar is found in the plant in 
solution in the juice of th^ tells where it is stored as a 
feserve food materials 
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The sweet taste characteristic of sugar is poss^ed by 
a ntlihber of ouicrjspbstances in no way related to it in 
chemica^ const ^Jitio'i, but the reason why tli|se spb- 
stanees taste •sw^el is not known.* It is a curious fact that 
dextrorotatory asparagine lias a sweet taste, while that of 
1-as^aragine is disag^’^eable and cooling., Pas1|pur suggests 
that the substance of the nerves dealing ^witli taste behaves 
^as ah optically active substance ^d reajts differenfly with 
each acid! Acetate or s"gar of lead, the salts of berjdlium 
(glucinium^ *and glycerine, all have a sweet taste, of the 
cojfl-tar sweetening agents saccharine, o-anhydrosulphaminfc 
benzoic^cid, or benzoic sulphimide, is five Ijyndred times as 
sW^eet as cane sug^tr. It is often^l^^ff^n the form of its 
more e^si^y soluble sodium salt, ^ulcine or sucrol^mono- 
p-phjjnetol carbamide, glucine, ai|ii3o-triazine sulphonic 
acid or its sodiflm salt, and suefamine or methyl saccharine 
are also intensely ^wee^ but none of these chemical sub- 
stances have any nouiishing value, while sugar is valuable 
aft a food. 

By preparation from natural products or by chemical 
synthesis moiiosacLiiaride sugars have been obtained contain- 
ing fiom three to nine atoms of carbon in the molecule, but the 
sngars Sealt with industrially have six atoms of carbon or a 
multiple of this, namely, twelve atoms in the disaccharides 
sucrose, maltose, and lactose, and eighteen in thejtrisacch^ide 
rafiinose^ The Bexoses are usually spoken of industrially as 
reducing sugars from their action on salts of coppeif 

Glucose.— Dextrose, or dextroglucoae, is als^ called 
grape sugar from its occurrence <n the juice of, grapes and 
other fnfits associated with fructose (imvulose) ; these two 
hexoses are probably derived from carib sugar, as all three 
arefhisually j^esent, and cane sugar is easily resolved into 
glucose and fnfttose by hydrolysis whereby a mdecufe of 
water is taken.up Uius — 

Ci2H22Oii4-H2O=C6Hi2Oj+C6Hi^0 

Cane sugar. Glucose. Fruc^lose. 

From the more complex ^gars or other* carbohydrates 
it iday *also be prepared when thdfeft^are hydrolyzed b^ 
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suitable enzymes omby acids* as from maltose or malt sugar, 
lactose or milk sugkr, starch and cellulojfe. 

Jt crystallizes id cauliflower-like masses of neerfl^ fron 
an aqueous solution with 6ne molecule of water of crystalliza- 
tion, but the anhydrous substance may be obtained as needle- 
shaped crystals from a solution in alcohol. Anhydrous 
ghicose melts at to 147° C. to a colourless glass, but 
the hydrate has ijo proper melting-point. When glucose, 
is hejited alcove its melting-point it becomes brown at once ; 
at 170° it loses water and the residue contains’*^lufosan. 
At higher temperatures it is converted into caramel. Difute 
aqueous solutiGns may be boiled without change, .hut more 
concentrated ^oUitioti:..-x ^decompose. ^ Ammonia turns *a 
splutiofi of glucose yellow at ordinary temperatures and 
alkalis generally darker* the solutions^ on heating and the 
action of oxidizing agents is accelerated ‘in presence of 
alkalis. The action of acids upon glucose is greatly afiected 
by the concentration. Glucose may be dissolved in cold 
concentrated sulphuric acid without charring. From tHe 
sulphonic acids thus formed de^xtrins may be separated 
similar to those obtained from starch. Hydrochloric acid 
of 7 to 10 per cent, concentration pK^duces more Kumic 
acid than sulphuric acid of the same strength. Sodiufli 
afnalgam reduces glucose to the corresponding hexahydric 
alcdnol, sorbitol, no mannitol being formed if the solution 
is maintained slightly acid. The reducing action of glucpse 
solutions on metallic salts vE^ties according to the conditions, 
thus ^rieutral solution of copper ^sulphate gives metallic 
copper ,« but. .an alkaline offe, as Fehling solution, gives red 
cuprous oijfide. Ammoniacal solutions of gold, silver, and 
platinum are reduced to metal, giving beautiful mirrors. 

pextroglucose exhibits the phenomenon «f rautarbta- 
tion, forfherly called birotation from the fa(!!t that a freshly 
prepared solution has a rotatory power- on polarized light 
about twice as great as that which it eventually assumes 
on standing Ur some time. The change may be brought 
about immediately by add^^' a few drops of amiApnia to 
its solution. Mut£yotation\is explained by the existence 
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of two isome^c closed-chaiif forms, •a glucose Vith a 
rotatory powei and p glucoSe, taJD+iQ, the 

stationary rotatxn oi [a]D +52*5 of the solution ifeing due 
to a» equilibfiuiii mixture of the two forms, the proportions 
present d^ending on the concentration of the solution and 
on fhe solvent. 

Since the aldohexose CeHigOc.or CH*20H.(CIJ0H)4C0H 
contains four asymmetric carbon atomjf, there are in all 
sixteen possible stcreois miners, and there^ is,,c(jrrespoifding 
to ordinjyV glucose (d-glucose), a laevorotator5#isomeride qf 
equal and opposite rotatory power, 1 -glucose. ^Moreover, 
as two «lpsed-chain forms (a and jS) shoi^ld ^ist for each of 
these, the total numjjer of isomer^aldohexoses is ^8, but 
only three of these occur naturally^ namely, d-glucosS, 
d-ma^nose, and d-galactose. 

Five of the six atoms of oxygen in the molecule of glucose 
are thus to be regarded as present in the alcoholic form as 
Itydroxyl (OH), \\'hilc the remaining one* under ceftain 
conditions shows jildeliydic functions. Glucose accordingly 
forms* with metalUc h5"droxidcs compounds called glucosates, 
similar to the alcoliolates, and also yields esters with acids. 
Calciflnj glucosate is more soluble than the corresponding 
compound with levulosc, and this fact is utilized in tl^e 
preparation of levulose from im ert sugar. 

The taste of glucose is only about half as sts^eet as cane 
sugar. , 

Fructose. — Fructose, formeily called laevulose o& fruit 
sugar, is a keto-kexose, ‘and is now termed d-fru<?tcfte to 
I indicate its configuration, and witTiout reference* to its laevo- 
rotation.* When found free in nature jt is almost always 
associated with glucose as a constituent of plant juices ,»such 
as in fruits, the sap, and in the nectar of flowers. hcfiey 
the percentage of fructose is slightly greater than that 
gluoose. 

It is formed also by the hydrolysis of inuljn, a poljuac- 
charide which takes the place of starch as a r^erve material 
in the Toots and tubers of nyiny jjlants. Among these< 
may *1)0 mentioned elecampane (Inula^Helenium), tdal^ia. 
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dandeli^/n, chicory, and the Jirusalem artichoke, the amount 
present being '^re^fest in autumn. In^jjn may.be detected 
in plant tissues by tlreating a thin section with strong alcohol 
or glycerol and examining under the microscdpe when the 
inulin is observed as sphsero-crystals in the cells. 

Fructose^may be prepared from invert sugar by treating 
a % to ^ per cent. Solution with slaked lime at 30°-35°^ C, 
filtering quickly and cooling to o°. Calcium laevulosate 
crystallizes «ut oq standing. The ciy^stals are washed with 
ice-cold water and decomposed with oxalic aefd*, aird the 
filtrate evaporated in vacuo at a low temperature.* Ihe 
syrup crystallize- ni^ch less readily than glucose, ^^ructose 
is very soluble' in wdv^;^. but only very slightly in edd 
alcohol! In hot alcphol it is easily soluble and ^(prystal- 
lizes from this solution in very fine needles which arc 
anhydrous. , ^ ; 

A solution of fructose is strongly Isevofotatoiy, [a]D— 92, 
and ‘the polarisation chahges considerably with tempera- 
ture and concentration. It shows mutarotation, a freshly 
prepared solution shows [a]D— ^06. The syrup readily 
darkens on heating. Alkalis act upon it similarly to 
glucose. Sodium amalgam gives equal axiiounts of mannitol 
and sorbitol. Fructose as a pharmaceutical preparation is 
recommended for diabetic patients ; its taste is far sweeter 
than that of v:ane sugar. 

Invert Sugar.— Invert sugar is a mixtdre of equal parts 
of glunose and fructose, and is found in many plant juices. 
In unnpe canes \t is present in considemble amount. It 
may b 4 prepared from caife sugar by the hydrolyzing action 
of acids, enzymes, and salts. The rate of inversion various 
acids, runs closely parallel to their electrical conductivity, 
and thus appears to be dependent on the ionization of the 
heids, but the fate is increased by rise of *temperature far 
more, than can be accounted for by the increase in ionization 
or tjie increased speed of the H ions to which the catalytic 
action is attributed. 

^ The most ifiiportant inverting enzyme is inverta^^, which 
is present in the lear/es, bu^, fruit, and reserve drgans of 
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many plants. Jt may be prepftred from yeast by Allowing 
this to undergo t'ri cfjisis. 

Inwi^: is reauily lermented. It forifis salts with basts. 
In assessing flie value of raw sugars for refining purposes it 
is assumed that invert sugar renders its own weight of cane 
sugat uncrystallizabl . On heating uiveit suga^with alkalis 
dark-colonred products and soluble salts are form^. If 
^educes alkaline solutions of copper salt#. When concen-^ 
trated it forms a syrup t^e colour of wliicti is dependent on 
the pitritj^. When pure the syrup readily becomes past}r 
froA tlie deposition of crystals of glucose. ^ 

Both*^s a syrup and in the form of j^diSkCese-like paste 
it Is largely used b> brewers and teji^ffed “ saccharum." 

Gal^tose.—Galactose is a reducing sugar formed along 
with glucose on the hydrolysis o^ lactose or milk sugar. As 
an anhydride prbduct or galacta|i it is^ constituent of many 
gums, hemicellulose^, mucilages, and pectins. Agar-agar on 
hydrolysis by boiling with 2 per cent;, sulphurit acid is lai^ely 
h;^rolyzed to d-galactose. It is of interest industrially 
from its occurrence as a constituent of raffinose which is 
found in beet sug^r. On oxidation it yields mucic acid. 
It is fwmented much*more slowly than glucose. d-Galactose 
is ‘Strongly dextrorotatory and shows mutarotation. The 
initial [a]D is about +140, the constant value -f 81. IJ is 
less sweet than glucose. It crystallizes in the form of large 
prispiatic^ needled which contain one molecule of w|Lter of 
crystallization. It is not found ^ree in nature, but th^wide 
prevalence of galactans in fodder plants fiiay providt the 
.source of lactose in the milk of the?ierbivora. 

SucroSe* — Sucrose or cane sugar is^the best#known of 
the sugars, and is found widely distributed, being fouijd in 
nearly every part of the plants. Its manufacture, howe^r, 
is mainly restricted to the sugar cane in tlie t;:opics, the* 
beetroot in temperate climates, sorghum, and sugar njaple 
in Nortjk,America, and a smaller proportion tom the ^ate 
palm in the East. ^ 

It c?;Jstallizes in anhydrous tables beldhging to the. 
monoclinifc system, with hemilfcdral ^a«s. The shape of 
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the crystals is modified by impurities ; ^the presence of 
rafiinose causes tie formation of pointed needles. ’ Jts 

Specific gravity at ~ G. is I'Sgi. There is contiaction 

15 

on solution in water, and on dilution, the maximum being 
reached at 20° C. loo grammes of v^hter 

dissolv^^ 203-9 gr^nfines of sucrose, and at ioo°,487'2 gramuios. 
Sucrose is soluble* in 80 parts of boiling absolute alcohol,, 
mord easily* soluble in dilute alcohol, but insoluble in ether. 
The solubility in water is increased by the presence of many 
salts and'*'Organic substances. Such impurities play" an 
important pait’^ ^Atjdie sugar industry in preveu+ing the 
crystallization of sug^S^and its recovery from molasses. 
The sugar is supposed to form compounds with t}\e salts, 
which have then a greater solubility than sucrose ^lone ; 
such salts are called melassigcnic. 

The boiling-point of aqueous solutioir^ of sucrose arc — 

«• * 

Per cent, sucrose 10 20 30 40 50 60 70 80 90^ 

Boiling-point °C. 100*4 loo'G loi'o 101*5 102*0 163*0 100*5 112*0 130 0 

& * 

The specific rotation is [aJD^o" 4-66-5, and is slightly 
affected by concentration and temperature. Sucrose fis not 
(Jirectly fernientible by yeast, being first hydrolyzed (iti- 
vei;ted) by the invertase secreted by the majority of yeasts. 
Although, fihally, the same amount of alcohol and carbonic 
acid iSt produced as from glucose and fructose, the process 
is ret^ded by the effect of the inversion which must precede 
fermemtion. Saccharomyces ociosporus and S. apiculatus, 
which do rf®t secrete invertose, do not ferment sucrose. It , 
has been suggested to use such organisms to fermfent away 
the invert sugar present in molasses so as to obtain the 
su(?rose ,by subsequent crystallization, but the process has 
\ot proved* a success. Sucrose also undergoes lactic and 
butyric fermentations.*' In the viscous fermentation. fre- 
quently met .with in ?ugar factories the sucrose is ermverted 
into the gum, dextran. This result is produced by the 
^organism Leuconostoc^ messmerioides as well as fcy other 
organics. The Utessses or gum are spoken of Vs frog’s 
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spawn. ya.xiovLsCUrofnyces ferment aerated solu 4 ons of 
sucrose with tLe production of citric acid.** 

Whei* sugar heated above its melfing-point it begins 
to loae v/ater*anJ 'decompose. At* 170° to 190° C. caramel 
is formed.^ Solutions of sucrose also deteriorate on pro- 
longed heating ; in the presence of acids inversion takes 
pkee. Sucrose forms compounds with metallic basjs, atW* 
^of these the sucratfe of the alkaline earths are of technical 
importance. 

CaJ:;iujft*monosucrate is formed by dissolving finely 
powdered 'quicklime in sucrose solutions main^ned at a 
low tenijjerature and precipitating th^^^flpound with 
alffohol, Ci2H22^ >>11.0104-21120. J^'is easily soluble in 
water, ^nd the solution on heating J^ecomes turbiS, the 
monosucrate decompg^sing into trfeucrate and sucrose. 
3Ci2H220n.CaO*=.Ci2H220„.3C/0-fqj2H220u. 

Calcium bisucra^e separates in white ciystals on cooling 
with ice a sucrose solution to whichT;wo equivalents of quick- 
liflie have been added. 

Strontium bisucrate bqgins to separate from a boiling 
sucrose solution as soon as two equivalents of strontium 
hydroxide ha^e been added, and the separation is almost 
ccftnplete with three equivalents. The bisucrate is decom- 
posed in cold water in^o monosucrate and strontium 
hydroxide. Barium monosucrate is separated in crystallme 
fori^ on cooling a solution of sucrose containing an excess 
of barium hydroxide. • ^ 

Maltose. — Maliose, or maltobiose, is t)btained the 
^action of malt diastase on starch f aste. The hydrolysis at 
50° to 6o* C. gives a mixture containing 80*9 p^ cent, of 
maltose and 19-1 of dextrine. Tower temperatures give a 
greater yield, but the action is slower. The hydrolysis with 
acids converts th^ maltose into two equivaleifts of d-glucose. • 
Maltose crystaUizesi in groups of very fine needles, ^con? 
taining cgie molecule of water of crystallization. It is '^ry 
soluble m water, and also soluble in alcohol^ li exhfbits 
mutarot^ion. for ordinary anlf^drous maltose [a]D*=+i40. 
Althcjugh*a biose, one of the two heig^ residues exhibits 
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aldehj^ic functioHl, and c6nsequently it reduces Fehling’s 
solution, bufdbotii one-third less than glucose.^ It does not ^ 
reduce dcetate of copper. Its hydrolysis by acids js only 
about one-fifth of the rate at which sucrose is hydrolyzed. 
It is hydrolyzed by the enzyme maltase, but not by invertase. 
Alkalis act tipon itnn much the same Way as on glucose.*" 

‘ ‘ L^tose.— I^aCcose, lactobiose, or milk sugar, is present 
in the milk of mtmmals to the extent of 3 to 6 per cent.^ 
and may be prepared from whey by boiling to coagulate 
^albuminoids and concentrating the filtrate, usipg ‘animal 
charcoal fQj: decolorizing the syrup. 

It contato'^iSjgcose and galactose residue, And these 
sugars are formedOTS^hydrolysis. ^t forms large ortho- 
rhomlJic crystals cpntaining one molecule of water. It 
exhibits mutarotation,* th^ stable fojm has [a]D20°;f52*5. 
It reduces Fehling a^little^Jess than glucbse, but not the 
acetate, and is thus distinguished fram reducing sugars* 
Sodium amalgam yields* dulcite and mannitc. Alkalis act 
on it as on glucose. Yeast ferments it qply with difficulty, 
but the kefir organism ferments it readily owing -to the 
presence of the ferment lactase which it secretes. The taste 
of lactose is only faintly sweet. 

^ Raffinose.— Raffinose is a trisaccharide, being a edn- 
dejised product of glucose, fructose, and galactose. It is 
present in beetroots to the extent of o-02 per cent., and in 
cottoq seed, 3 per cent. ; beetroot molasses mqy contain 
as mjich as 16 per cent, dt crystallizes in warty crusts of 
long^ihonoclinic'needles, with 5 moleculas of water, and its 
presence h> commercial sugars frequently causes sucrose tc\ 
form elongated crystals, or spiky crystals as they aVe termed. 
It i^less soluble in cold water, but more soluble in hot water 
than sqprose. On heating slowly at 80° to 105® C. it becomes 
anhydrous^ but decomposes if heated * quickly. Sugars 
containing raffinose become brown when dieated. It has 
no^ction on^Fehling's solution, and is only slowly attacked 
by alkalis. Bottom yeast ferments it completely; but top 
yeast, which ‘does not coi^ain the ferment melib*iase, only 
ferments the levulose portion, leaving the glucost and 
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galactose combmation, melibiftse, unalitacked. THe rota- 
tory' power of ?if!iii«se hydrate is [a]rP®°“pi 04’5 without 
mutarptation. ihe presence of raffinose in raw b^t sugars 
has therefore'a disturbing effect oh the polarization for the 
valuation of these products, and its amount must be deter- 
mined as far as pjssible. This is effected ify moderate 
warming with dilute acid, whereby fructose is split ^ff arf^ 
^reisultiug polarization reduced to [a]Dio°4-53'5 for the 
mixture oi fructose and .iielibiose. Prolonged l^atingavith 
hydrojhlgfic or sulphuric acid resolves melibiose into 
d-glucose and d-galactose, the same products of h^rolysis as 
are obtained from lactose. This hy drol^^SiSr^hot effected 
hf acetic, tartaric, citric, or lacti(i^<E^s. Paffinose forms 
compouiidb with soda, lime, strontia, aud lead oxide, 
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^art: L-STMICH AND ITS PRODUCTS 

Section I.-STARCH 

Starch is^^t^repared on the industrial scale from the parts 
of those plahti^jsiS:, which it occurs in f^reatest ahundance. 
The seeds of tlie cefM? contain st^ch as their principal 
ingredient. Wheal,, contains 55 I0 65 per cent. ;• barley, 
38 to 46 per cent. ; oaVs, :^8 to 38 pet cent. ; rye, 44, to 47 
per cent. ; maize, 54 tp 67 })yr cent. ; rice 70* to 76 per cent. ; 
potatoes, 16 to 23 per cent. 

Wheat, th6 original* material from which starch was 
manufactured, is not used so much as formerly. There are 
several reasons for this, not thet least being the deSire to 
retain the expensive wheat for food purposes. The large 
amount of gluten present, 12 to 16 pin cent., reivieVs the 
jprocess difficult, and the starch being made by souring away 
th| gluten, the vicinity of a wheat starch factory was un- 
pleasant, a Ad became a nuisance to the workmen and the 
inhabitants of the neighbourhood, so that frequent enact- 
ment;^ were necessary- to regulate the manufacture. Maize 
and 1 rite are nbw mostly employed. The seeds of the 
leguminos^a also afford about 38 per cent, of starch. 

Early an the eighteenth century the potato began to be 
use<\,as a cheaper source of starch than that of wheat, and 
potato starch is now made in far greater vquantity than 
‘ other kindf, especially in Germany. 

Tons les mois is a variety of starch made*from the tubers 
oi^anna edulis. Portland sago or Portland arrs^root is 
obtained fro^ the tubers of Anm maculatum. Salep, once 
^largely consumed, and stilLused in Turkey and th&East as 
a food, is a starchkderived ttom the tubers of various ‘kinds 
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of Orchis, The roots, about 30 pouii(^| in we^t|of the 
bitt^* qassaya,*Vlf<{»j/^o^ utilissima, a««iatke of South 
Anu^ii^aj^ contains prussic acid as well is ^rch, •but this 
poisop6us ingredient is removed* by washing the grated 
roots and recovering the t ;pioca starch after settling. In 
a similar hianner pruss .. acid contained in htricot beans 
is, removed by soaking the beans in w^tei, which is thof 
pourbd away, leaving the beans fr^e from jit and 1ft for food. 
*Arrowroof is obtained chiefly from the rhizoipe or ;joot- 
stock #f MUtranta arundinacea, a native of th*e West Indies 
andf Bfazft. Sago is ewise a starch mainly produced from 
the stems of the sago palms, Sagus S. levis, 

and a coarser kind is obtained from ■yjJBSuts of Cycas revoluta 
in Ceylon and the East Indies. Banana starch is prepared 
from the unripe friiits«of Musa sapicntium. 

Structure of the Wheat tJrain. — A grain of wheat 
consists of three parts, the germ*or embryo situated near the 
base, the endosperm, which forms the bulk of the grain«and 
'is»formed of a number of thin-walled polygonal cells filled 


with starch granules embedded in proteins (Fig. i), including 
gluten, and the va:ious coverings which constitute the bran. 
One of these coverings, the aleurone layer, is conspicuous 
a^ a sin^e layer of cells, rect- 
angular in section, fiiied with 
minute grains of undissolved 
protein, the aleurone grains 



fiG. I.- IransverSksection of 
Wheat Graioi 


Gluten does not exist as 
such in the grain, but is formed 
in the paesence of water by 
the interaction of gliadin add 
glutenin. Of these proteins glutenin is not dissolved Jby 
neutral aqueous solutions, by saline solution^, or by alcohol. • 
Glia(^ is soluble 70 per cent, alcqhol, is nearly or qilit? 
insoluble in water or salt solutions, but readily forms sjjts 
with acids or especially with alkalis,* and tlJSse sJts'are 
soluble ui water. The aim of the manufacturer of starch 
is to ^et free the granules from-^he which they are 
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encloseLi and to separate Mie starch from the other con- 
stituents. 

The i.verage coinposition of wheat is : (Starch 6g‘0, sugar 
3*2, cellulose 2*2, fat 17, proteins 11*0, Inineial matter 1*9, 
water 12*0 per cent. 

The Fermentation Process.— Although the sour or 
•fermentation process of preparing wheat starch is wasteful 
owing to the loss, of the Valuable constituent gluten, and is 
nowf superseded by the sweet or Martin 'sf- process, yet a 
short description may not be out of place cohsrldeTing the 
chemical changes which occur. 

The whe^i^-^Ugins, after a preliminar}^ cleaning, are soaked 
in water until 'suficieutly soft to be^ crushed between the 
finger^. This is best done in a metal cistern with a conical 
bottom and provided -with a wide perforated pipe in the 
centre into which water is passed from below. When soft 
the wheat is either placed in hempen bags and the starchy 
matter pressed out by treading the bags in water, or the 
grains are crushed in a mortar mill. The impure starchy' 
liquid is run into tanks where it is allowed to remain for 
two or three weeks, some liquor from a previous fermenta- 
tion or sour dough being added, and the mass is stirred 
occasionally ; the liquid is now covered with mduld and 
should have a pleasant vinous odour, but it is difficult to 
prWent the production of stinking gases. During the 
fermentation the sugar and some starch ‘acetifies with the 
prod^ukion of acetic^ propionic, butyric, and lactic acids, 
andjthe gluten is thereby acted upon apd softened, losing 
its stibkinegs, and is partly dissolved, setting free the starch 
granules.. The acid liquor is decanted and run ^ to waste,, 
and the mass washed repeatedly with water so long as this 
becomes coloured, and then allowed to settl^. The various 
‘layers are renioved and the starch washed through fine 
bievfs to separate particles of bran and fibre The deposited 
st^ch is then placed in shallow boxes lined withocanvas, 
and^when compact is turned out, cut into blocks and dried 
on porous bricks, then stoved, scraped, and packed«^ 

The starch be Wre quickly recovered 0 in a 
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centrifugal sepyator with a sdlid dtunw The pure! starch 
forms* a compact at the periphery ;^lhe fes pure starch 
milk if run off tcf form a second quality and fresh Rquid hin 
in until a thicl: layer is obtained. *The impure yellow super- 
ficial layer is taken off with a sponge. The starch is removed, 
stirfed with water, oiued if necessary, aftid put into suction 
mpulds In order to avoid the developfneht of moiildinSs 
^the stprch is dried *at once either in the open or in stoves at 
30® to 70^ C. *At a certain stage the cajces^ shrivel the 
surfacj^S. ^^his impure starch is scraped off, and the cakq^ 
broken into blocks, wrapped in paper and drigii. It then 
acquires the radinting columnar structuii:i';i<ffcn is regarded 
aS a crite’-ion of its gqpd quality. The addition of gluten to 
potato starch does not enable it to assume a similar structure. 
Whe^t starch is regained as the Jjesf starch for dressing and 
finishing linen, ind the only t^yo wheat starch factories in 
the United Kingdoin are situated in the north of Ireland in 
the vicinity of the fiax industry there. * * 

• The Sweet Prpeess. — In the preparation of wheat starch 
by the sweet or nnn-fermentation process flour is preferably 
used. This is kneaded with water to a stiff dough and 
left fOr ^ time for flie water to permeate thoroughly. It 
itf then washed on a fine sieve under a jet of water until ajl 
the starch forms a milk ard the gluten is left. This is dpne 
on a reciprocating frame with a number of holes ift the bottom 
covered vith gauze. The frame bears a number rollers 
to assist the operation and is supported in a trough iiftder- 
neath which is an inclined shoot ^and tan^:s to collect the 
starch. When the masses of gluten ar^' removed from the 
sieve theV are placed at the ends of^the frame against 
buffers, and there beaten to remove the last portions of 
starch. The usual washings and settlings as d^scrihed. 
above are then proceeded with, but a better result and ai^j* 
increased yield bf fifst quality starch is obtained by treating 
the iml)nre starch with a weak solution of xaustic S 4 Pda 
sufficient to give a blue reactijn to litmus. Aiter standing 
some ticife part of the gluten is djssolvgd, and*the remainder 
alter^ so as to be more readily »moved (m the sieves# 
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Glulen.— is a ^faluable di^estij)le protein con- 
taining i8 pdr ceVif . of nitrogen, and* wheb recovered fresh 
is ‘used fo mix with dough for baking brfcad, and other 
food stuffs. Inferior starches rich in gluten are used in 
the same way and also as fodder. Gluten docs not dry 
easily, an(f whetf wet readily undergoes putrefaction, 
'i^hen^ allowed to*ferment at 50° C. it liquefies, and may 
then be dried on* metal plates to form ' transparent sheets, 
used as a* kind pf glue for leather in boot manufacture, 
^ixed with salt and fashioned into strips and *dried^^ it can 
be reduce(J^to powder and used as flour. 

Maize Starch. — The structure of y.i grain of 

maize is similar to that of a grain of w,heat already describM. 
The average analysis of maize is : starch 55, other carbo- 
hydrates 15, proteins fo*5,,fat 5, ash i?’5, water 12 pej: cent. 
Of the proteins present one soluble in wat6r, and the gluten 
is soluble in dilute caustic alkali. . 

The maize, 'after being cleaned from dust, dirt, and other 
chance impurities, is steeped in water aJL about 60° C. for 
30 hours or less to swell and soHen the grain, and a little 
weak sulphurous acid is added to prevent fermentation or 
putrefaction, the water being kept in circulation lj|y 'means 
of steam siphons. The steep waters are concentrated to be 
uspd for feeding cattle. The softened grain is then passed 
through a fhill to crack or split the com and partially grind 
it. T,he mass is then diluted with water and passed through 
a lolig V-shaped tank with a screw conveyer along the bottom 
and^^timming paddles ^t the top. The germ, or embryo, 
being now* loosened, and since it contains oil is specifically, 
lighter than the bfan, gluten, starch, and fibre, flses to the 
surface and is skimmed off by paddles, while the other 
sdid matters are carried away by the water. The germs 
,aie collec^-ed, and after again being washed to remove 
adhering starch, are' put through revolving cylindrical 
diCers. Th^dried germs are ground, steamed, and ‘Objected 
to hydraulic pressure to extract the oil. The oil obtains 
a higher price than, any ^of the other ingredients of the 
corn, and is exported to Europe in bulk for use ifi soap 
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mantrfacture. It is^ also used fn tannirife, fo^aints and for 
making artificial^ rubber. The fatty ac^Js drived from it 
may Ije •saponiti^d ^^ith soda asli^ which is cheaper to hse 
than* caustic soda. A medium-sized factory working 
25,000 bushels of corn per day would turn ouj 100 barrels 
of o’il. This represents 2000 millions of ^erms used. T^ 
Trom the oil-press is considered superior a^ an oil 
cake c9tton seeci or linseed cake ; it cdhtains 20 per cent, 
of proteins^ 

,TJje b^an, gluten, an^ starch in suspension are now passed 
over the shakers, vibrating screens of wire or coarse 

mesh silk, the c'^arser portion being fir&l?*^round and then 
rkurned to be likewise passed on the sieve. The, starch 
passes through the sieve while the bran separated is r 5 - 
mov^d, pressed to squeeze out the water, and sold as press 
feed or dried to form corn bran containing 14 per cent, of 
protein. 

The starch milk is coiiectea in tanks, wHence it is pumped 
fo flow over the*. settling tables or runs which are about 
120 ffeet long, n +’oot or "hvo wide, and 6 or 8 inches deep, 
and with a fall of a few inches only in the whole length. 
On fh^e tables the starch gradually settles, and forms a 
Compact layer, w^hile the gluten and other residues with 
some starch pass off to r ttling tanks. From the latter«the 
water is run off^to waste ; the sloppy mass of solids, after 
being piessed and dried, is sold as gluten feed, containing 
up to 40 per cent, of protein. The starch deposite(^ Sn the 
runs, called greetf starch, which contains about 50 p^f cent, 
of water and a half per cent, of prol na, is rAiioved with 
wooden shovels, and may be used for conversion into 
glucose or is stirred up with water and again passed over 
the settling funs to secure further purification by siet^ing 
and draining. It then contains about 50 per cent, of watejr, 
and is dried in stbves at a tempeihture of 30° to 50° C., 
until fliC water content is reduced to 10 ^ cent. ,ft is 
ground fine, passed througl^ revolving silk screens, and 
packed, ^for use as edible starch an4 baking powder, foi 
laurfdry purposes, for giving a stiif^ing and ftnis^ to 
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cotton and o^er 1,extiles, ‘'for paper^ and for adhesive 
pastes and gums. ' 

'Where no caustic soda has been used the starch, is de- 
scribed as unchemicalled. This gives a viscous jfaste, 
although less so than wheat starch, and is characterized 
as thick-boiling stairch suitable for baking powder and for 
use as,, size with Hextiles. Alkaline treatment has thfe 
effect of causing ec flocculation of the colloidal gluten and 
a sajjonification of the oil so that the starch obtained is 
VP’hiter and purer. The deposit of this chemicalkd 'f^tafch 
is diluted m tanks, technically called breakers, to a cream 
of 22® Be., a&l'*^n placed in cloth-lined boxes oi 7 to 8 
inches cube. When drained to 45 per pent, of water content 
it is removed and placed on porous biicks to set, thenGtoyed. 
A brownish crust forms^' about J inch :n thickness which is 
scraped off. When the watpr content is r^uced to about 
30 per cent, it is wrapped in paper and dried for ase as 
domestic laundry starch. This quality is slightly thin 
boiling ; special thin boiling starches are, made by treating 
the wet starch with hydrochloric acid and drying at a 
temperature not exceeding 65® to 75® C., that is, below the 
gelatinizing point. By this means some of the sfai^h is 
converted into dextrine. This quality of starch is in demand 
for ,stdam laundries and in confectionery works. 

Rice StArch. — The raw material for making rice starch 
is the broken rice from the mills in which it is cleaned and 
polished, and since the removal of the proteins is difiicult 
it is ‘aj\Vays necessary to use caustic sada. The average 
analysis of ‘the broken rice as used is : starch 76, other 
carbohydrates i’5, proteins 8, fat 0*5, ash 1*5, water I2’5 
per oent. 

The rice is steeped in caustic soda lye of 0*5 to i‘0 degree 
B^aume, for ,18 hours, and the liquid then drained off. After 
another like treatment for 12 hours the grains ar.e soft. 
They are gro;ind between millstones, and the cream^ mass 
of crushed gram is usually passed through a second mill to 
^‘nsurc the absence qf lumps that would entaifdoss of 
starch. * Soda lye s added during the grinding in quahtity 
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such tJiat the i^ulting cream ^:ontain^» 20 to 28 plr cent, 
of solids. Fron. Mm eream the starch is/fe 5 parated by sieves 
or centrifugals. The sieves are rotating drums Jonsisting 
of a framewc^k covered with the'finest silk gauze. These 
are about,i2 feet long, and wilh ? fall of about 6 inches. 
The axle is hollow aud perforated so thaft jets ^ water may 
bn pjayed on the inside of the drum to kee^ the gauzg clealT 
The f^nrch milk passes through into the casing to collect 
into the settling tanks, while the waste passes* out at the 
pr<ye(;fing*end of the drum and is used as cattle food. ly 
the settling tanks the starch is deposited an^he protein 
and fibre remain in suspension and aia/cuii^. Centri- 
fugals are to be prefeiared to settling tanks ; 'they are usually 
about three feet in diameter, and are^ run at 1400 revolu- 
tions, per minute. The basket js nbt perforated. When a 
sufficient layer 'of starch has, been formed the surface is 
scraped and the deposited starch ground up and again 
centrifugalled. The yield of starch is abofit 85 to gd per 
cent, of that in thg rice used. 

The recovered starch i& mixed with water and weak soda 
lye and run into a row of wooden boxes, the bottoms of 
which ye perforated and covered with cloth. These boxes 
Ae lifted and dropped again to assist the draining. After 
24 hours the blocks of compact starch which have fori]je3, 
and still contain 42 to 44 per cent, of water, •are cut into 
rectangujar blocks ready for drying. It is now mo|e usual 
to employ filter moulds where pressure is used, bulrit is 
necessary in this ease not to use a milk o?more thah €’2 to 
1*25 specific gravity, otherwise the finished product *has an 
undesiraljle rough fracture. . 

When the above blocks dry a yellow crust is fymed 
about half aii inch thick. This is removed at a ceii:ain 
stage and the rest dries white. It has "not, been found 
possible to devise ^eans to prevent the formation of tlus 
crust. * The amount cut away repres^ts about 25 per ^nt. 
of the total starch and the \^ole of this material has *to be 
reworketl in the next batch. The st|trch is generally blue^ 
witlf ultramarine. The blocks remain iiwthe drying chamber 



24 CARBOHYDRATES 

at 30° \.o 50° C. two of three weeks. * When diy the 
starch still cdhtainV 12 per cent, of nfoistt^re, and takes*up 
frdhi the ^atmosphere another three per ceift. , 

Rice starch has largely replaced wheat st^ch for fhany 
purposes. (^'Iwiiig to the smallness of the granule, it may 
be used in powdered form with cold^ water for stiffening 
Imen iy laundry ‘w6rk ; also for cosmetics. The smalhie^ 
of the granules led to the selection of nee starch for use 
in the Tuttii^re tprocess of colour pliotograpliy. Three 
portions of starch are d5Td, each a different selected ^Iqjir, 
and the mi^j;;^ granules .spread over the photographic plate. 
On viewing tJie aegative by transmitted liglit ol>5*ects are 
seen in their natural colours. 

" Potato Starch.-^The manufacture of potato^ starch 
reaches its highest development in 'Germany, where its 
production far exceeds that ,of other kinds a considerable 
amount is also made in the United States, but our own 
coun'ery has abandoned tliis source of starch in spite of the 
manifest advantages to be derived from ^he association of 
the industry in small factories attached to farms and Worked 
during the winter montlis, as is the case to a great extent 
in Germany, where small factories are the rule, and the ^aste 
pulp is utilized on the spot for feeding cattle and the wasB, 
of (considerable manurial value, for irrigating the fields. A 
resuscitation'' of this industry would tend to reduce the 
import^ of starch at present necessary. The imports of 
starcb, farina, dextrine, and potato flour into the United 
King(i(^iti are given below^: — 

* 1912. 1913- 1914- HOIS. 

Cwts. ®r,72i,97;i 2,135,598 1,729,010 1,861,207 
Value 119,143 ^1,311,044 069,470 ;Ci,348,3I7 

The avemge' analysis of the potato is : starch 16 to 23, 
other^carbohydrates and fibre 2-5, proteins 2* fat 0‘2, ash i, 
wa^r 76 per cent. The potato yields more starch ^rer acre 
than' grain, notwithstanding the fact that it only contains 
about 20 per tent., while wAeat contains 60 andf ,rice 83 
per cetjt. ; the IqjVc percentage of starch is mbre d:han 
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counterbalanced^] / thf great 'height oiithe crop pir acre. 
Thus from grain ^itfi a yield of 12*5 cwts/fJer zCcre, 8*2 cwts. 
of starch are produced, potatoes with 125 cwts. to*the acre 
give 22 cwts^of starch, or neaify three times as much. 
For the decade 1904-' ^13 the annual productioii of potatoes 
in Germany amounted to 50,000,000 torts or 1815 lbs. per 
he^d. ot the population, an average of tons^ pej^ acr?^ 
^Ithougn crops of 9'to 14 ^ ons per acre are recorded. They 
furnish fresh food, starch, glucose, grap% su^a>, dextfine, 
anc^spjtil^* *In Ireland th^ crop during the same period was^ 
about 5 tons per acre, 591,000 acres tmder cultivation 
yielding* g, 132,00"' tons. The average crop ih the United 
Kingdom averager 5*6^ tons per acre. 

The .value of the potato to the starch manufacturer is 
dependent on its conUfent of staijrh, Jind the value increases 
in greater proportion than the ychnesi owing to the greater 
facility in recoverhag the starch and the smaller loss in 
that carried away with the dimmished qu^Pntity of v^ste 
pfllp. A rough approximation of the value may be obtained 
by a determination of th^ specific gravity of the tubers, 
since this increasrs with the total dry solids and is more 
or leSfe proportional ’ to the starch contained. The deter- 
nfination is made by weighing about 10 lbs. of potatoes 
first in air and then in water and calculating the specific 
gravity therefrom. Two wire baskets are suspended from 
one .arm pf a ste*elyard or other balance, one immejsed in 
water and the other above. The potatoes are first weighed 
in the upper basket and then tonsferrffd to the* tower 
,one and again weighed. More 'iccurate resuUs may be 
obtained,* if necessary, by chemical methods, the starch 
being hydrolyzed with hydrochloric or lactic acid ii^ an 
autoclave, and the dextrose produced determined 4 )y 
titration with Fehlmg's solution. The specific gravity method, 
however, is usually •a sufficient guidef with the assistantie of 
the tabie. 

Specific gravity i*o8o 1*090 %*ioo I'lio i*i20 1*130 1*140 
Dry soli^ . . 19*7 21*8 24*0 26*1 28*3 30*4 32*5 
Per c&t. Starch 13*9 16*0 i8*2 20*3* 22*5 24*6 •26*2 
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Thi potatoes awj first palssed through a yi^ashing machine 
for thorough cleansing. This is a trotigb filled with' water 
in!' whicA the potatoes are moved along rotating arms 
fixed on a horizontal axis, the potatoes ris^g and falling 
and rubbinf; against one another, thus helping t9 free them 
from adhering ehrth. The washed potatoes are now 
’raspe(J as^ finely ab possible in order to open the cells and 
release the starch granules contained therein. The rasp^ 
or ^ater is a drum revolving on a horizontal axis at about 
,1000 revolutions per minute, the periphery of ^thh^ drum 
being provided with a number of radially fixed saw blades 
(Fig. 2), ana covered with a casing. The potatoesrare tom 



Fig. 2.~Section of Rasping Drum. 


by the teeth of the blades into a coarse, frothy, reddish 
paste,, and further comminution is ensured by ,the mass 
being compelled to pass between the drum and an adjustable 
wooden block, ?ind the^finer portion is* collected in a pit 
below the* machine (Fig. 3). A perforated metal sheet, 
below the drum prevents the passage of coarsd particles 
until the latter are sufficiently reduced in size. Water is 
added (Jujiiig the operation in quantity equal to the weight 
of potatoes worked. The rasped mass consists of free starch 
granules, starch-bearing cells that have* escaped disruption, 
fibre, and dilute juip.e. The starch is washed ouf of this 
material on a sieve by a powerful stream of water, the starch 
milk passing fhrough^ and the fibre and unopened’oells that 
are retained being, un small factories, removed to be used 
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as cattle food, b^t in most cases is furtber comminuted by 
being* ground .wMi^ nillstones and again sjjeved.* The sieves 
^are either flat vvlJh an oscillatory motion or fornfed of •a 
semi-cylindricH iro'ugh provided ^ith a series of brushes 



arranged radially* in a spiral on a hoiizontal axis (Fig. 4). 
The starch and juiee with the added water pass through 
' the wire gauze to the trough below, and theh on: to a ffner 
sieve. ^ 

The starch from the fine sieve is run into settling 
tanks or through gutters where 
the sp^ifically heavier starch with 
any sand present settles out, and 
the juice and the bulk of the fibre 
pass away throng^ outlets or by a 
floating siphon after the starch has 
become a firm mud. The time re- 
quired for settlement in the tanks ^ 

•is from 8 to 10 hours. The ra\v 
starch thus obtained is yellowish, 
brownish, reddish, or grey in colour, 
and so firm thart: a man may stand ^ 

upon it to shovel out the mass. It is purified i)y making 
it into a cream of 18 degrees Baume tvith water and mostly 
again settled for 6 to 10 hours. It.then f^ms a la^r 
white below with a discolot^ed scum of inferior starch 
above. Upper layer is sprayed ^r scraped away and , 
the operation repeated. The wet staicb may be sold as 



Fig. 4. — Sieve, 
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such for the manvfacture ‘of glucose ancj. dextrin or the 
moist or " greerl % starch may be furtker treated an 3 dried^ 
f&r first ‘quality starch. 

The scum is worked to a milk and pa!ssed/over silk' gauze 
sieves to obtain white starch, or in addition it mqy be passed 
along gutters to s^ettle, and thus yield a further quantity 
■*\)f fir^t quality.' The water run off into pits forms a d^osit 
which is ’worked up at the end of the season for infciioj’ 
gravies of ctarch.^ 

For drying the starch centrifugal machines^-ale i^ised, 
provided with a filter cloth inside the basket. The starch 
mud contaolis 50 per cent, of water, and this is arfeduced in 
the centrifugal to 35 per cent. The,, brownish layer on the 
.surface is scraped off, and the rest is broken up and dried 
on frames covered with qlotli in staves heated not, higher 
than 35° C., that is, 1^1 ow tjie gelatinizing fjoint of the starch, 
until the percentage of water is rediu^ed to 20 per cent. 
Tilts gives a coarse-grained starch which is the form preferred. ' 
It may, when dry, be powdered in mills^ and sieved to foVm 
starch flour, a soft, pure white, glistening powder. ‘ 

The pulp from the fine washing sieves cannot be profitably 
worked further for starch. It contains 97 to 98 p^r Cent, of 
water and contains fibre, insoluble protein, unbroken cdils, 

' and potato skin. It is used as cattle food. It is sometimes 
pressed to* reduce the water content to 20 to 30 per cent., 
and dried to form pulp bran. 

The washings, containing nitrogen, potash, and phosphoric 
acid, ‘are prone* to undergo putrid fermentation, and when 
they cannot be used to irrigate the fields must be purified 
before they are run into neighbouring water,* otherwise 
disputes may arise owing to disturbance of fishing rights. 
Besides methods of irrigation for this purification, aluminium 
hydroxide^ is used for clarifying them. 

Jn order to prevent the development Of bacteria in the 
s^rch milk during fettling, a weak solution of sefiphurous 
acid is frequently employed,^and may be added immediately 
to the raspings. Thf use of this reagent is more phjlicularly 
neces^ry during warm weather. When diseas'ed,* frozen 
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or unripe potatoes are used the starch is '^ry slow in titling 
and frequently has ^am acid reaction. Ws fault may be 
overcome by th^* addition of caustic soda or liifte. The > 
latter* is safei^^ dS there is less lilcelihood of an excess of 
alkalinity when lime water is used. The amoimt added 
should be just sufficlAt to give a blue reaction to litmus. 

•.Arrowroot Starch. — In the West Indies the roots of 
Jdaravla arundinacia are uti 1 i 7 .ed for the preparalTo^ of 
arrowroot.* The long, ] iinted, tap-shape^ roots are €irst 
soa|fed*ii^water and washed, then peeled with knives to 
remove the skin which contains a resin that would com- 
municate *an unT)leasant taste to the starch, and also dis- 
colour it. The roots^are then pulped by Crushing them, 
and the* pulp is washed through perforations in a cylindei; 
with \Yater to separatqlhe fibre. ^Th* milk is filtered through 
muslin, settled and washed repeatedly, and finally dried in 
shallow copper pan; covered with muslin to keep out dust. 
The roots yield about ig per cent, of starch and give 22 owts. 
of air-dried starch, containing 14 per cent, of moisture, 
per acre. , 

Sago. — Sago is extracted from the pithy interior of 
Saguf R^mphii and ‘other palms. The trunks are cut into 
pteccs about two feet long, which are split in half and the 
pith taken out and knended in water. The starch is theft 
washed, and the moist sago formed into pearl sago by 
forqjng ij; throuj^i sieves or rolling in a cloth, nnd then 
heating in pans with a little vegetable fat. A sin^e tree 
yields six or seven ^wts. of sago. It is chiefty exportaijrom 
, Singapore. Artificial sago is from potatg stafcl by 
pressing the moist starch through coarse sieves, (fisting the 
pellets with dry starch and heating unifi partly gelatinized. 

Tapi oca. -r The tubers, about 30 pounds in weight, of 
Manihot utilissima or Cassava in Brazil are washed, peeled,* 
and pounded to pulp and pressed in baskets to wasjj out 
the staf^^^h. This is then heated on iron plates at a gentle 
heat to volatilize the hydrocyanic acid. Thb grains swell, 
burst, a;Jd agglutinate, 

SoluDle Starch. — When starch 1$ allowea to^remain 
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for tWenty-four hwirs in contact with I2fper cent, hydro- 
chloric acid and'*f!ireed from acid by waslmg, it dissolves in^ 
hot walier without forming a viscid paste. The solution 
deposits the soluble starch on cooling a^ a i^asty ma^s. It 
has no action on Fehling’s solution. Many reagents have 
been employed at* various temperatures to produce soluble 
Uarclj. Most of* these preparations, however, coptain 
dextrose, dextrin, or maltose, as weir as modified starchy 
and! possiWy starph esters. Starch is heated with i per cent, 
^formic or acetic acid at 115° C. for 5 to 6 hours’, ;felt^ ejfcess 
of acid distils off so that it is not necessary to neutralize. 
Starch, wh^ heated with caustic soda solution^ cbecomes 
pasty, and when the alkali is neutralized with sulphuric 
<acid the paste is miscible with water. Chlorine gaa, bleach- 
ing powder, persulphates, and ozone nave all been prpposed 
for rendering starch soluble^ 

Uses of Starch.— Besides the use of jstarch and materials 
coittaining staich for food, and the production of beer and ' 
alcohol, and for the manufacture of glucose, dextrin, ahd 
caramel, it is used in laundry work for stiffening linen. The 
starch is gelatinized, and the hot iron converts the starch 
into a shining layer of dextrine. Potato starch, the;.cheapest 
form, when mixed with borax forms a starch glaze. If* is 
al^o used mixed with powdered stearic acid or paraffin. Rice 
starch may^be used mixed with cold water. Wheat starch 
is used as a paste for bill-posting, paper-hanging, ^nd book- 
binding, owing to its superior adhesive power. Starch is 
used for applyihg mori^ts in calico printing, and starch 
and rosin for sizing' paper. Thin starch paste is used for, 
finishing and weighting calico and cloths. Rice‘ starch is 
used as a face powder, and for dusting moulds in the metal 
foundry, and for moulds in making fondants in confec- 
tionery. ptarch is used in chemical titrations to indicate 
the presence of free iodine. For this purpose it is preferable 
t(vise a form of staijch soluble in cold water. Thi6'*may be 
made by running starch pastp.in a fine stream into absolute 
alcohol or acetone. The precipitate is dried at a^oderate 
temperature. 
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CoMMERClAi. dextrin, c: British gum, is jisually met with 
as a or brownish powder which has a mealy odour 

slightly reminiscent of newly baked bread but at the same* 
time somewhat repulsive. It is also produced in the 
granulated form as ^brittle, semi-transpafent lumps re- 
sembling gum arabic, for which dextrine forms a cheajk 
substitute. This is /sometimes described as crystal- 
lized” gum. Occasionally it is S0I4 as a fluid dextrin, 
an opaque, milky ^Tup. The different qualities are made 
to suit the various purposes for -sfhich it i» used. It*dis- 
sftves in cold water, forming a viscous solution with 
adhesive properties^ and i^ used for gumming labels, en- 
velopes, and postage stamps, for finishing cloth, and as 
a^ thitk^ing for mordants in calico printing. The finer 
qualities are also used in confectionery and in various 
foods. • 

Dextrins are manufactured by heating starch, either 
aloi\e or ^fter treatment with acid, until the desired degree 
of dextrinification is reached. The preliminary change 
is indicated by the reaction witModine, but for tlfeicon- 
^trol of the more highly dextrlmzed product^ the only 
methods yet available are the feel, coiour, and appearance 
when moistened on a glass plate, ft is consequently 
extremely difficult to imitate exactly a given sample^of 
dextrin, and for the production of the few cofistant qualities • 
made by a given fijrm reliance is plgced on the* control of 
preliminary drying, the percentage of acid used, and reg^- 
lation of the temperature and rate of heating.* * 

The ^Roasting or Torrdaction Process.— The pre- 
viously dfied starch is heated in traxs.in a stove to a 
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temperature of to 230° C., until the transformation 
is complete, or tile starch is fed intokotating iron 'drums 
heated by oil or by direct fire and passis out as dextrine/ 
the process being thus continuous. The Ijfeher tempera- 
tures give a darker product, but this is more completely 
soluble than tho paler qualities. ‘A better "'product is 
obtained by heating the starch in a closed vessel provided 
with stifling gear and heated below with superheated 
steam. A^ter roasting, the product is ground 'or crushed 
by passing beitween rollers and then sifted. ’ ' 

The Acid Process. — Starch is treated with ' 0-2 to 
0‘25 per cent, of hydrochloric or nitric acid and tljen dried 
and powdered •to secure uniform acidification, after which 
rit is passed to the heating apparatus, consisting of covered 
pans or drums heated by oil, steam, or direct fire to a 
temperature of 100° to 150'' C. In these it is stirred during 
the heating until the change is completed, which may 
require from r to 2 hours. The dextrin, after roasting, 
contains about 3 per cent, of moisture; this is raised ilo 
the usual 10 or 12 per cent, present in liommercial samples, 
by exposing it to a moist atmosphere. It is then sifted 
and well mixed. The colour, flavour^ and odour aiie said 
to be improved by passing ozonized air over tio starch 
•during the heating. 

So-called “ crystal gum is made by decolorizing a 
hot solution of slightly dark dextrin witii animal charcoal 
and evaporating either to dryness, and grinding the flakes 
obtsined to powder, or |p such a density that the solution 
on cooling forms a pale transparent solid mass. 

Substances which are applicable for niany^. purposes 
where dextrin is u^ed may be formed by esterifying starch 
witt acetic acid. 

According to Traquair acetic acid in solution has little 
action on karch, but ,when an excess pf glacial acetic acid 
iS; heated with starch, dried to a content of only 2 or 4 per 
cent, of moi^ure, a product is obtained insoluble in cold 
water, so thatrthe excess of acid can be removed bj;, washing 
by decantation. To' prevent formation of products soluble 
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in cold water (dextrins), limfted heating 8 hours a*l« 90 ° C., 
or 2-td 3 hour‘s ’at C., is necessary,# thus allowing the 
r excess of acid^'^^be removed by washing. Whed swelled 
by boiling wi'^Ji 5 or 6 times its weight of water, feculose, 
as the acetylal^ed starch is called, gives a clear solution 
which is permanent •nd does not set or Revert bn standing 
foj A* few hours. A portion of the solution poured on « 
gla'ss' plate dries to* a clear, eontinuous film equ&l tS that 
^bbtained from the fines'* gelatin, and, in^fact, technically, 
feculo^.maif be described as non-nitrogenous gelatin. 

•Thfe tJses of Dextrin.—In addition to the commerciaf 
uses of dextrin already mentioned, it is largely employed as 
an adhesive in pi*^>orhanging and bookbinding. “ Gloy ” is 
said to b^ a mixture *of dextrin with magnesium chloride.. 
When it* is employed as a thickening agent for colours and 
mordants in c^ic^ printing, it is* usually mixed with starch. 
Shoemakers’ paste is also a mixfure ol dextrin with starch. 

, The glaze produced *on linen, and the gloss qji the crust of 
biead, are due to the dextrinization of the starch by heat. 
The cqrn syrups used in making confectionery, preserves, 
and sweetmeats aie preferred to sugar or cane syrup owing 
to thCt absence of giaiii. 
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In ‘ 1803 JProust established the fact that a sligary 
substance, griipe sugar, could be extracted frSii the juice 
"of the grape. In the following year Bouillon' hagrange 
observed the change which starch undergoes when sub- 
mitted to high temperatures, and used the resulting product 
as a substitute for gum arabic for fixing dyes and for making 
inks. In 1811 Vaucqifielin incidentally described the for- 
mation of dextrin when starch was torrefied, gave an account 
of its properties, and pointca out the commercial possibilities 
of tlie substanrc. Kirchholl, the same year, requiring gum 
arabic for some experiments he was making on the niami- 
facture of porcelain, and being unable lO procure it made 
use of the substitute prepared from starch. Then, probably 
with the intention of obtaining cleaui and less highly 
coloured solutions, he tried boiling the starch with dihyte 
^sulphuric acid, and found that the solution contained Sugar 
instead of +he adhesive gum which he required. Braconnot 
found that the same sugar was formed by treating linen 
rags in a similar manner. At the time of Itirchhoff’s 
discovery colonial or cane sugar was almost unobtainable 
on the continent excejh at fabulous prices, owing to the 
embargo then existing against the entrance of all products^ 
from England and' its colonies, and the method was put to 
practical use almost immediately after its first publication. 

Kirchholf’S method as described by Nasse was to use 
100 parts *of starch, 400 parts of water, aijd i part of sul- 
phuric acid. It was recommended to dilute the a^id with 
half the abovi quantity of water and bring to a boil. The 
starch was made into a mhx with the rest of fhe water 
and poured gradually into the boiling acid mixtare^ which 



GLUCOSE 35 

was kept stirred and at boiling tempejature for 36 hours 
in succession, iji*oi»efi giressels, the water lost by evaporation 
being renewed. Neutralization with calcium dirbonate, 
followed by ;^iLration over bonft-black and evaporation 
of the sugary liquid to a syrupy consistency, completed 
the operations, Tb syrup left foi a (pertain *time began 
to crystallize, usually about the third day, and was 
separated from the mother liquor through filter' bags and 
pressing. •Front 100 p^^ts of starch KirchhotE obtained 
90 ^art'i^i^f •solid sugar or 120 parts of very sweet syrup. 
The sfigar, evidently supposed to be sucrose, is describee! 
as less ^^eet than cane sugar, with a peculiar after-taste 
which, however, can |)e removed by refining. The dimin- 
ished s'vvectness was accounted for by the higher percentage 
of water of crystallization which cciuld not be removed at 
higher temperatures. The sugar resembled more that 
obtained from gragf^s, but was considered superior to the 
latter. The sulphuric acid was f^Aind to act on starch in 
tkis way in all proportions, provided it was properly 
diluted, and it wa!b observed that at first a gummy 
substance was :utiiied, and sugar was only obtained on 
continuing the boiling. Vogel, of Paris, repeated the ex- 
perimenfs in 1812 and concluded that sugar and gum are 
formed in variable, proportions, the gummy matter being 
precipitable from the syrup by 85 per cent, alnohol ; that 
heat alone is nolf sufficient to transform starch into sugar, 
and that the sugar formed is a true sugar since it is capable 
of undergoing alcqjiolic fermentation ; alsn that the s^rrup 
when properly purified contains Ro sulphuric ^acid. The 
identity of starch sugar with grape sugar was established 
by Saussure in 1814 ; and by combustion he also found 
that starch differed from sugar only by the element^ of 
water. 

When the continental blockade could no' longej be 
maintained against the gigantic system of smuggling y:o 
which it had given rise and was removed* in 1S14, *the 
colonial f)roducts flooded the market and ^brought down 
the p:dce*of sugar to extremely low levels, especially ^as this 
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was aided by coumptition •£ beet sugar, 
of which had considerably ad^silcM, and 
the proAction of starch sugar was still* beset with 
culties so that this manufacture was praotica^y abandoned. 
It was only with the gradual introduction of the use of 
glucose in t^ie ferimcntation industries through <lie labour 
df Lanipadius in Germany and Dubrunfaut and Pay^^in 
France that the manufacture took on a new development.* 
Starch sugar fpds no application which Common crystal- 
lized sugar could not fulfil, and it must alwh;fs^e con- 
sidered as merely a substitute; it is, however, directly 
fermentible, while cane sugar is not. Its sweetn^jss is only 
two-thirds that of cane sugar ; in nutritive value the two 
are equal. t 

Manufacture. — In^the manufacture of glucose syrup 
and starch sugar by ;neans of sulphuric acid the folfowing 
operations are necessary : the conversion or saccharifi- 
cation, which »consists in boiling the starch with dilute 
sulphuric acid, generally under pressure ; removal of tke 
acid by neutralization and eliminp+jorf^of the sulphate of 
lime produced from it ; concentration of the filtered liquor 
and refining and concentration to synip with subi:oquent 
separation of the crystallized sugar. 

• ^ In the earlier processes the boiling was conducted in 
strong wooden vats, either open or constructed, so that 
they could be heated under pressure, and provided with 
a steam coil. The required quantity of water ‘with the 
previously diluted sulphuric acid is placed in the vat and 
heated to foiling. TheVarch milk is then run in gradu- 
ally at such a rate that boiling does not cease. The starch 
milk is prepared ifi a separate stirring vat ; since starch 
deposits quickly from the starch milk it must be kept 
•constantly stirred. It is necessary to avoid formation 
of paste* while the ^starch milk is iqin into the boiling 
aq^dulated water. For each 2 cwt. of air-dry ^hreh 40 
to io gallons^of water and about 4i lbs. of sulphuric aci 4 
are required if syrup is to be produced and about double 
*the aiqount of acid.i!l solid sugar is to be made.* Half of 
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the witer is used to make tHe starclf Whete the 
green ” or*W;^mrSh is lased a arger quantity^ is taken 
to ailomr for the'moisture present, * 

Wlien the^^^hofe of the starc.i-milk is in, the boiling is 
continued •until transformation is attained, t A shorter 
duration of boilir:; is needed for the pfoduction of syrup 
than, for solid sugar. During the boiling a very, disagree- 
able and penetrating odour is dev^^'^oped, especially when 
potato stajgji is used. 

JUiyulg the boiling the liquid is tested with solution of 
iodine, and afterwards with alcohol. When a few drops of 
the liquid in cold water no ^onger give a violet or reddish 
colour with iodine tlio* conversion of the starch into dextrin 
and glucose is finished. The alcohol test is now applied* 
by adding one or two volumes of* alcohol to one of the 
liquor, and from* the quantity# of precipitate formed the 
amount of dextrint still uncon .’erted may be judged. A 
convenient and ready means for determiniifg the complete 
conversion into sugar is still a desideratum. The liquid is 
now neutralized by the addi^^ion of chalk ; lime cannot be 
used as it would destroy the glucose. When litmus paper 
shows aiperceptible decrease of acidity the liquid is boiled 
for a short time before more chalk is added. The liqui^ 
when neutral is allowed to deposit the sulphate of lime, 
and the liquor is^then drawn off from the depositing vats, 
otherwise! it is passed through a filter press. Th% clear 
liquor is evaporated either over a direct fire or by steam 
until it reaches a ^concentration o 4 30° Baum^, or until a 
• separation of sulphate of lime renders it nccessrr/, when 
it is either allowed to settle or ispas^d through a filter 
press. It is then evaporated to a dense syrup of 40° tOi45® 
Baume in vacuum pans. In order to improve the colour 
and flavour it may be filtered through animal charcoal 
before the final concentration; this treatment is indis- 
pensabfc for producing a solid, white sugar. Jf the conyft-. 
sion of the starch into sugar, has been very^ complete the 
resulting ^yrup will soon begin to,crystallize. 

Tlfe manufacture of glucose from maize in the United 
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States has attainp(J^2normous proportions, i^ndered possible 
by technical improvements in the proce^ of 'manufacture 
and the growing demand for the various products *of the 
industry. The starch is heated with hydrochloric acid 
under presstre in the converters, strong vessels ofdiammered 
cppper, which may be 20 feet high and 6 feet in diameter. 
Water and the acid arc introduced and raised to the •con- 
version temperature, and the starch suspended in.cold* 
water is pumped into the boiling acid. j:onversion 
goes on during the pumping there is no formatioiTo^ cbts 
owing to accumulation of starch paste. The extent to 
which conversion is carried depends on the piftfose for 
which the product is designed, and is regulated by the 
temperature and duration of the conversion. For grape 
sugar, the solid crystalline form of glucose, the conversion 
is carried to completion ; for liquid glucose or syrup, the 
change is not allowed ^to proceed so' far, and a certain 
percentage of dextrin is left unconverted. The products 
are glucose (dextrose), maltose, and d^rin. It takes 12 to 
15 minutes to pump a charge' 01 1000 gallons into the 
converter, and a little longer to conijjlcte at a maximum 
temperature of 132° C. As soon as“ a sample tshows a 
^satisfactory test the operation is stopped by releasing tlie 
pifessure, which at once causes a fall in temperature. The 
product is run into vats, and neutralize;^ with soda ash. 
The small quantity of hydrochloric acid present is thereby 
converted into common salt which has no effect on the 
taste ^tof the glucose in these proportions. The neutralized 
liquor is passed through filter presses to take out fibre,' 
protein matters, etc., and then through evaporators in 
which it is concentrated to a density of 30° Baume. It is 
^ th^n run in succession through three filters filled with animal 
charcoal, each cistern being 10 feet in diameter and 24 feet 
deep, and containing about 35 tons of <!har“ the total depth 
ti^versed is fihus 72 ‘feet. The proportion of chat Is more 
than is used ip refining cane or beet sugar, and the liquor 
t issues practically colourless and brilliant. When t|ie desired 
qt^antKy of liquoy'has passed through the char, and its 



GLUCOSE 


39 


dccol9rizing power .begins to fail, the fiw-eet is washed ofi 
and the chat revij^ifiefl during its passage by gravity through 
the pipes of a kiln heated by oi^ or coke. The revivifled 
char IS sieved^lo remove dust and the loss made up by the 
addition of new char. The filtered liquor is now concen- 
trated in a vacuum pan or Tiliie apparatus until it reaches 
a density of 42'^ to 45° Baume. It then fortes 2m clear, 
viscous syrup. )n this form the less highly converted 
product, qqjitaining about 40 per cent, of dpxtfine, is sold 
astgliioOSc or corn syrup, for use in confectionery and for 
table syrups. The more completely saccharified liquors, 
after concentration, crystal bze on cooling to a tough, solid 
mass of white or yeltew sugar called solid glucose or grape 
sugar. • This is ground up or chopped into fragments and 
used dll brewing as nn adjunct J:o ihalt, and for the manu- 
facture of caramdl. It is also employ «i for petiotizing wines 
that are deficient •in sugar, ^'ure anhydrous grape sugar 
is obtained in cr^'stalline form by the prdeess introduced 
Sy Behr. Into the warm glucose syrup a small quantity 
of anhydrous glucose is vpiv kly and thoroughly incorporated 
to act as seed to induce crystallization, and the mass allowed 
to sfand in crystallizing troughs. After the crystals are 
lormed the whole is stirred up to a magma and the mother 
syrup separated by centrifugal treatxiient. The dnied 
crystals contain less than i per cent, of ash an^ of dextrin 
and 4 pec cent, of water. 

A process for making glucose which possesses special 
features is one due to S. H. JcJinson. * Whole, ciitfehed, 
bruised, or broken grain or other granular •rmylaceous 
materiaf is used in a condition such tha^: steam may be able 
to permeate a mass of it. Rice or other grain in the Jorm 
of flour is unsuitable, as the gelatinous paste which wtfuld 
be formed by it would be impermeable to steam. The grain 
is first, macerated in 2 per cent, hydroclrforic acid, which 
dissolves proteids and carries ofi essential o^. The a^if^ is 
drawn ofi below and water then percolated until neutral to 
litmus, ’J^hen the mass is drained andt again macerated witl^ 
I or 2 per cent, hydrochloric other acid until the grain Jias 
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taken up enough a6id to effect conversion into glucose, the 
proportion varying with the naturd bffthe 'grain. Rice 
usually requires about o;25 per cent, of actual HCL The 
drained material is then introduced into the converter, a 
strong vessel of wrought iron lined with lead«or with a 
silicate enamel capable of resisting tile action of the acid, 
and provided near the bottom with a perforated diaphragm. 
The prepared grain introduced into the C9nverj;er retains* 
its form, add toeing porous is readily permeated the steam 
entering below the diaphragm, so that the whol^^asf is 
raised to the conversion temperature before the porosity 
of the grain is destroyed by the water condensed*- from the 
steam, without' the necessity of any < stirring arrangement. 
The contents of the vessel become liquid, and at pressures 
of 50 to 100 lbs. rice i^ converted in from 5 to 15 minutes 
as indicated by the iodine tept on samples Withdrawn during 
the operation. The liquid is then rua off into coolers, 
stirred to assisfthe cooling, and neutralized with dry sodium 
carbonate. The mass will become nior^ or less solid after 
standing, provided the material •ditrtiot contain an 'undue 
amount of water when introduced. The glucose thus 
prepared is very pure and free from any bitter or ompyreu- 
matic flavour, and is used for brewing and distilling.* Sago 
and tapioca which have already undergone purification 
during thefir manufacture may be used without the pre- 
liminary treatment, and are much used for making glucose. 

The Board of Trade bulletin gives the value of starch 
of ah fkinds exported fr^m Germany in 1912 at ;£555,200 ; 
from Austria-Hungary (1913), £4^,010 ; and from the United 
Kingdom (1913), ;S^,200. The value of the exports to the 
pruvipal colonial and neutral markets was : Germany 
(19^2), ;£288,35p-; Austria-Hungary (1913), ^£27,580 ; United 
‘Kingdom (^913), iy2f)io. Of the total German exports, 
potato starch, green fecula (wet starch), and dry. potato 
starqh powder^ Rotate meal) accoimted for ;£220,350‘; dex- 
trine, roasted starch, adhesive and surface dressing sub- 
tstances containing ytarcb, gluten and gluten ^ powder, 
;£i87,ioo ; rice starch, ;£ii7^50 ; and starches of Id^^ize, 
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wheat,, etc., More thah half o>the total Austrian 

exports consisted 9f pa%te, she, and similar starch-CQntaining 
‘ sticking and dressing substances, |ind rice starch and rite 
starch* meal. <*. 

The co$n (maize) manufactured into com |)roducts in 
the United States amounts to 50 million Bushels per annum. 
From this are produced 400,000 tons of glucose, 3op,oo© ton% 
,of starch, 115,000 tons of grape sugar, 300,000 tons of gluten 
feed, 37,000 Jons of oil, and 45,000 tons of oil <jak 5 ; 300,000 
busjielg of potatoes are used in the starch factories. . 

Chemical Synthesis of Sugars. — ^The manner in which 
carbohydfates are formed hy the vital activity of plants 
from carbon dioxide a*d water offers a difficidt problem for 
synthetic chemistry. Moreover, it is riot - the simpler* 
carbohydrates whicli ^appear, but sthrch is the first visible 
product, and sucfbse the first sugar which can be detected. 
The first step towards a solution .vas^afforded by the observa- 
tion that on treating formaldehyde with linitf water a si^eet 
syrup was obtained, having the properties of a sugar due 
to ' the* aldol condensaiioii,^ whereby the carbon atoms of 
separate molecules of the aldehyde link together in a cliain. 
In a Similar manner glyceraldehyde and dioxyacetone gave 
a*syrup containing a-acrose, which was shown to be inactive 
fructose. This was converted into the corresponding 
racemic mannonic acid, and the dextro and Ifevo forms 
separated, by fractional crystallization of the alkaloid»salts. 
From dextro-mannonic acid both i^-fmctose (ordinary 
levulose) and ii-glucose were prepared. There is consid<ir!lble 
•evidence in favour of the view that carbohydrates*as formed 
in the plint may originate from formaldehyde through the 
catalytic decomposition of carbon dioxide by chlorop^^yll 
under the infltjence of sunlight, the formaldehyde being %t 
once polymerized into carbohydrates by the protoplasm of 
the cells. 
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The niairt product of the action of malt diastjiise on starch 
^paste is maltose, which was first observed m i8l^\by( Be 
Saussiire, who isolated the unknown sugar from the hydration 
products of starch and described its crystalline ^character. 
It was further 'examined in 1849 by iDubrunfaut, who gave 
"it the name ” maltose." He found its opticity was three times 
that of glucose, and thUt it was the su-gar first formed when 
acids act upon starch. No further notice *was taken of these 
facts until C. O’Sullivan in 1872 rediscovered the sugar and 
brohght the matter into prominence. The process of the 
saccharification of starch by acids had by this time becodie 
firmly established, and no industwaTapplication of the use 
of diastase for the preparation of the sugar or syrup appears 
to have been made until Cuisinier ‘ in associati^oif with 
Dubrunfaut in 1883 patented a process for pfcparihg 
n\altose either as syrup or crystallized. His procedure was 
to liquefy ‘starch at a temperature of 70° to 80° C. with 5 
to iQjper cent, of an infusion of green malt, and then to 
carry out the saccharification at 50° C. with from 5 to 20 
per^qpnt. of thh diastase, after making -the solution faintly 
acid' with hydrochloric acid. The solution was filtered* 
through paper supported on linen cloth. Aftef standing 
frojn 12 to 15 hours it was concentrated to 28° Baume, 
filtered and further concentrated to 38° Baume, filtered 
tlirough £^imal charcoal and allowed to crystallize. A 
sample of syruj) made*' by the Maltose Conlpany of. Brussels 
vssis found on analysis by Marcher to contain, water I9‘8, 
maltose 787,* non-sugar 1*5, and no dextrin. The process, 
however, di(f not ,pro^e a commercial success. More 
lecentiy the subject has be^ investigated by Duryea^ who 
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attributes the to the i!se of cllide raw materials, 

ground maize, or,imp\ire starch flour, and in suc]| a state 
that, owing to the thick boiling <;ondition and consequcht 
formation of liiscous paste, concentrations equal to those 
of the light liquors of the glucose industry ^<iuld not be 
realized, and the quantity of malt requited was excessive. 
Tre presence of a hrge percentage of undesirable nitrogenous 
•and other extraneous matters increased the cost of refining. 
Duryca useg a thin boiling starch made tg i 5 ° Baume, 
nemtrijized, boiled, cooled to 59° C , and saccharified with 
5 per cent, of malt, calculated on the dry highly modified 
starch. He finds that the product has a more luscious 
taste when made int® hard candy than the similar sweets 
made with glucose, and maltose candies have less tendency* 
to attract moisture and run. High-Jrade industrial maltose 
syrups produce afl impression oi superk)rity upon the palate 
as compared with gluct)se syrup, wiiich is never used alone, 
but only for mixing with cane or sorghum Syrups to make 
table syrup. 

The intention of CuLsinjer was that th maltose products 
should be used for brewing purposes, for making liqueurs, 
sweeteniiig wines, and in the distillery. It may be noted 
that the proportion of maltose in commercial glucose 
generally exceeds that of glucose (dextiose), the content 
of the latter may be as low as 12 per cent. 
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Part II.— SUGAlf 


Section I.— CANE SUG^R 

The iiiiiversal sweetening substanLC in use at the present' 
time is cijne sugar, whether derived from the sugar cane, 
which formerly furnished Inc whole supply, of sugar, the 
beetroot, sugar maple, sorghum or sugar palm, for the^ 
purified product from^any of these sources is the chemical 
compound sucro^, C12H22O11* The oldest sweetening 
material used by ma^ind, however, either for flavouring 
food or as a medicament, was without doubj the honey of 
Wild bees. The sugar cane became known at a much later 
period,. and at first it was merely chewed or eaten for the 
sake of the sweet juice ; there was no actual preparation of 
the sugar contained in it. 

• Tbe^o?iginal home of the sugar cane was probably either 
the East Indies or the Pacific Islands, and the art of extract- 
ing sugar from it was certainly disco v-ered in Indi^, since tHe 
word “ sugar ” is common to all languages, and is^erived from 
the Sanscrit "sharkara" (Pracrit sakkaia), w'hich me^t a 
pebble, and was used to denote sugar. Theiirst Europ^s 
to become acquainted with the can^ were the followeVs of 
Alexander the Great on his expedition to India B.C. 327, for 
the early \mters in describing this undertaking speak of a 
honey which did not come from bees. Eater it was known 
to the Greeks and Romans as Indian salt. Tiie sugar cane 
was already knovm in China in 200 b.c., but di<t not come 
into gercral use until after the Persians had becdSne 
acquainted with it in the fifth century. PeJsia was long 
the principal seat of the suga. industry, and, where now on 
its ari^^ains only the ruins of oM sufear mills and sluices 
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remain, there wer^^formerly extensive cane fields. It was 
used chiefly for 'medicinal purposes, and the first successful 
attempts at refining it were made at Gondisapur. The , 
Arabs who conquered Persia in 640 developed there con- 
siderably tjie culture of the cane and the industry of sugar, 
and then transplanted it to Arabia and the countries 
^successively conquered by them — Egypt, Morocco, Sicily, 
and Spain. From the chemical knowledge of the Egyptians 
the manufacture ^of sugar received importaiit ini]^rovements. 
^They had known for centuries the manipulations and 
apparatus for filtration, distillation, crystallization, etc. 
They knew how to clarify plant juices by the addition of 
albumin, boiling and filtration, o|; by treatment with 
alum ; how to precipitate albumin by tannin and the use of 
hydrometers. As they were aware of alkaline working, 
their sugar bore transport by water, and for centuries was 
a highly esteemed commodity. Th^^ Egyptians were the 
real founders and investors of refining. Even the Chinese 
were only able to prepare sugar as a pasty mass by dryitig 
cane juice in the sun, and first Iqaint the manufacture about 
650, and refining from their conquerors, the Mongols, in the 
thirteenth century. The Arabs having carried the cultiva- 
tion of the cane westwards along the shores of the Jileditcr- 
rpnean, from 1095 the Crusaders made sugar widely known 
and extenvled its use everywhere. The Venetians trading 
with^the Arabs were actively engaged in the supply of sugar 
to Central Europe. A sudden change occurred in the sugar 
industry with the capture of Constantinople by the Turks 
in 1453, ftnd their subsequent 'conquests in the Black vSea,^ 
the iEgean, and Egypt closed access to Asia for the Venetians ; 
wherever they entered as conquerors the Turks arrived as 
devastators of the conquered countries and of all ancient 
civilization. The sugar cane disappeared from all these 
patts or became of no importance. Ifs cultivation has not 
If appeared in any of the^ countries except in Egypt, where 
MeWmet All, in 1820, reintroduced it. Meanwhile the 
Portuguese had brought cane from Cyprus to Madeira and 
the other islands the coast of Africa, and ®thc sugar 
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industry Nourished there, afde^ by cl^ap labour due to 
negro slaves.. Ttis Sugar by its cheapness* compejed with 
the MediteiTanean for 300 yeara in provisioning Kurope. 
They also discovered round the Oai?e the route to India, and 
the costly roufe through Asia being no longer, necessary, 
the great market for.sugar wa" transfeited to Lisbon, so 
that in 1515 Venice had to buy its sugar there. Dining 
this time America bad entered the producing countries for 
sugar. Columbus, in 1493, on his S'vond voyage -took cane 
from the Catftiry Islands to San Domingo ; thence it spread, 
to (?ubS, Mexico, and Peru. By 1553 Mexico exported sugar 
to Spain. ^ In 1532 the sugar cane was taken to Brazil from 
Madeira. In 1600 there v'eie 120 sugar factories in Brazil, 
and its i^roduction ruined that of Sicily and threatened that ' 
of Madeira to such a pjoint that Portugal had to establish an 
impoif duty to piotect its old colony. Important Dutch 
houses founded branejj^s at Di*bon to import direct their 
colonial commodities. Sugar was ’sent from Lisbon* to 
Antwerp and thence up the Rhine ; numerous refineries 
were established at Aniwerp^ but the war of independence 
of the Dow Countries (15O0-1609) decided many Dutch 
to leave, and the in-^ustry was transferred to Amsterdam, 
wtoe sugar refining prospered greatly. In 1580 Philip II. 
of Spain, having taken possession of Portugal, endeavoured ' 
to prevent the Dutch, with whom he was at Var, from 
commerce with Di«bon ; the result was different from, what 
he sough tf The Dutch colonies entered into direct relations 
with the Indies and Java, founded a company, and.sbon 
conquered all the Asiatic colonies of Portugal. They also 
attacked frazil, devastated the plantations, and soon began 
to make sugar themselves in the conquered country. When 
Brazil was restored to Portugal by treaty (Da Fague, 1661), 
the Dutch still remained. On their expulsion th^ went to 
the West India inlands, where the mgnufactfire was so bad 
that it did not pay to send the sugar to Eiy:ope ; they improved 
it and became prosperous. In 1791 the revolt of the slaves 
of San Do^iingo stopped all industrv there, but’ was of benefit 
to BrqjiV Guiana, Jamaica, and Cuba; Douisiana also 
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profited, although fts prodvxtion was backward on account 
of the (Unfavourable climate. In Mexico and Cuba the 
Spanish maladministration had at the end of the sixteenth 
century completely ruined the sugar industry. The manu- 
facture was introduced into the Far East, principally Manilla, 
towards 1750; ih 1800 Manilla already exported sugar. 
In 1^19 this country obtained about fifty tons of sugar 
from Venice, and sugar refining was* introduced in the 
sixteenth ''century, for in 1544 there were two t^fineries in 
r London. 

British India is estimated to produce about 2,600,000 
tons anmrally of cane sugar and gur (crude sugar), and 
nearly 500,000 tons of palm sugar, and consumes over 
' 3)750,000 tons, so that the deficit has to be imported, chiefly 
from Mauritius, Java, and Europe. About 25 per cent, is 
lost in the canes through bad cultivation, and another 25 per 
cent, in manufacture through overhe'’tiug and in the megass 
burnt. Efforts are, however, being made by the Agricul- 
tmal Departments to improve the cultivation and trie 
processes of extracting cane juios^and of sugar manufacture. 
Java produces an average of 4*3 tons of sugar per acre, and 
at this rate India could produce 10 millions of tons of white 
sugar per annum. Java is an example of the strccesskil 
application of energy and intelligence aided by science and 
organization. They not only make the finest raw sugar, 
but p considerable amount of white sugar, the total pro- 
duction amounting to 1,300,000 tons. The yield per acre 
is ^ttll surpassed by pawaii, where 5*6 tons of sugar is 
reached, <and the total outjfut approaches 500,000 tons. 
Cuba produces a):iout 2,500,000 tons, some of' its huge 
factories dealing with 300,000 tons of cane per annum. The 
t<?tal cane sil^ar crop of the world for 1913-1914 is estimated 
by Willett and Gray at 9,773,348 tons. 

J'he P/fl«^.“~The ^sugar cane, Sacchcfyum officinarum, 
which belongs to the natural order Graminese, is a gigantic 
grass reaching about 15 or 16 feet in height, and grows in all 
tropical and sub-tropical countries. It is most frw^oured by 
a hot. m.oist climate with a dry ripening season] and any 
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lowering of the temperature preju%ial to its growth* 
The pl&nt consists of root, stem, leaves, and' floweryg shoot 
, called the arrow. As in all grasses the roots are fibrous and 
wide-spreading, never branching dr growing to any great 
size, although \hey extend to distances tip to^three feet, 
dependent on the condition of the soil. The larger roots fix 
the plant in the soil and act as channels for the transf^encfe 
of water and food absorbed by the root hairs, ^hese fine 
rootlets ta^ up tood in solution on^} and jjossess e selective 
poti^er sofcthat only suitable matters are absorbed for the, 
nourisliment of the plant. The root stock is made up of a 
number d underground shoots giving rise by tillering to 
numerous stems and producing the tufted habit and forming 
the stools characteristic of the sugar cane as 6f other grasses. • 
The stalk consists of* joints averaging about six inches in 
length, and separated by the knotty parts or nodes. The 
node extends transv§i;§Qlly right through the cane, forming a 
tangled felt of fibres ; the internodes are composed of pith, 
soft parenchymatous tissue, the cells of which are filled with 
the sugar juice, and tra^"^'»‘''§d by numerous fibres, the fibio- 
vascular bundles. The rind of the stem is hard and polished, 
contains silica, and is impervious to water. Just below each 
node a narrow, whitish band formed of white powder, 
really rods of wax. Above this is the scar of the fallen leaf,* 
and next the bud, or eye, and again another band encircling 
the stem with rovfs of semi-transparent dots indicating the 
presence of sleeping roots. The latter arise from within the 
stem, and when the^ cane is exposed to excessive moisttire, 
or the node is planted in moist earth, they force .their* way 
through and form the roots. The buds arc arranged under 
the base of each leaf on alternate sides of the stem, and are 
capable of gro^ng into a stem of the ivAxjf cane plant. 
The leaves, alternate as in other grasses, consist of a sheath 
encircling the stem, ^^nd the blade often coloured along Jthe 
midrib, " The leaf sheath is often provided jivith stin^^ 
hairs. The fibro-vascular bundles of the stem are the 
channels,tihrough which water and foo^ pass from the roots 
to the Je^es, there to be elaborated, under the ac'^on of 
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sunlight, by combination with^ carbonic acid absorbed from 
the air, into suj^ar and albuminoids, and 'then pass down 
into the stem where the sugar is stored in solution in the 
juice of the cells. The leaf is thus the workshop of the^^lant, 
where the niaterials for its life-functions are elaborated, and 
by the transpiration from those cells in contact with the 
air a considerable evaporation of water occurs, determining 
the upward current of water and dissolved food materials 
from the K)Ots. ^At the time of maturity tne elongation of 
the stem bears at its apex a sheath, from whicll bursts f^rth 
the arrow or inflorescence, a grey or white cluster composed 
of countless minute silky flowers. The ovary, aftef fertiliza- 
tion, becomes ‘the fruit or seed, previous to 1887 the 
. general opinion prevailed that the sugar cane had lost the 
power of producing ferule seed through the long-continued 
practice of propagating by^ cuttings, but about that time 
Harrison and Bovell in the West Indies, and Soltwedel, in 
Java, found that seedliiig canes could be raised. A number 
of such canes are now being experimented with, the object 
in view being to rear varieties capable of yielding larger crops 
of sugar and of greater resistance to the attacks of disease. 
In order to secure this end it is necess-ary to avoid chance 
pollination, so that the source of the pollen must be co»trolltd 
''as well as the seed-bearing cane, and this presents some 
difliculty, owing to the extremely minute size of the flowers 
and the fact that they are borne on the summit of a slender 
stalk some fifteen feet high. 

i^pr planting cane it is mostly the fops or upper joints 
of the catje, after removal of 'the head, that are used, but 
frequently the wh^le cane is cut into short lengths of two 
or three joints each for this purpose. These pieces are 
planted in fvyrows, or in holes, in rows seyeral feet apart 
at intervals of one or two feet. The land requires to be 
weU drained, although a considerable,, supply of water is 
required for the grpwth of the cane, and when^xain is 
deficient irrigation is necessary. When the canes are from 
one to three months old they are manured ; they ase^moulded 
up as they giow to«keep the^root under the surface, <and the 
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necessary weeing ♦and tillage is doift. At six to seven 
months the* cane stool is sufficiently developed to be left 
without further operations except that, as maturity ap- 
proaches, the -dead leaves or trash are removed. The cane 
being thus more open to air and sunshine •maturity is 
hastened, and the dead leaves help to retain the moisture 
in the soil and prevent the growth of weeds. ,Th(b usual 
period to reach maturity is sixteen mouths for plant canes ^d 
twelve months for ratoons ; but in countries wifh a'cold season 
th^ pgriud is reduced to eight or nine months, as in I^ouisiana^ 
When the cane is cut and the stool is allowed to remain, 
shoots arise from it end form a new growth called ratoon 
canes. This may be sepeated for several years in succession 
on suitable soil. In Java the Government allows only the* 
growbig of plant canes, and these aT:e alternated with crops 
of rice and beans for native use. The most suitable soil 
for the cane is cl^j^^nd loam, which allows of suitable 
aeration and drainage, yet retains sufficieift moisture for 
tTie plant growth. The mineral constituents removed from 
the soil by the cane «mall in amount and less than 
0-5 per cent, Time is important, and the principal fertilizers 
necesiiary are those containing potash, phosphoric acid, and 
nitrogen. Since the residual fibre or bagasse is used for^^ 
fuel, and therefore lost to the soil, as much of the trash as 
possible is returned to it, and the humus or vegetable debris 
is supplemented * by the growth of catch crops beH;ween 
cutting and replanting. These are usually leguminous 
plants, and by ploughing in the fuUy grown plants, green- 
soiling as it is called, the nitrogen content of the ^oil is also 
increased*. The time of harvest of tht cane crop varies 
for the different tropical regions, and thus the sugar markets 
of the world receive a succession of supplies aS the varitJlis 
crops mature. The average composition of the ^ane varies 
from 7 to 16 per C'^nt. of sucrose; reducing Aigars up to^-5, 
fibre 10 CO 15, ash 0 4 to 2, water 69^0 75 4)er cent., atfd 
the yield being from twenty to forty tons per acre, the sugar 
obtained taay amount to about f^ur tons per acre or more 
than double what is recovered iiifom the growth of beetrooj^. 
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Varieties.— There isalaige nilmbe^of varieties of canes 
under cultivation chosen to their special suitability for a 
particular soil or climatcjj or for their high content of juice. 
The names of these various kinds of caiie, , however/ show 
great confusion, since different names have been, applied to 
what is the same variety ; but grown in localities wide apart 
ahd tlie lack of communication between these regions, has 
led to the perpetuation of the name given. The distinctive , 
characters "of the^ varieties are the colour of the stem and 
leaves of the mature cane, the size, form, and position^ of , the 
buds, and the length of the intemodes, with other differences. 
Of the white, yellow, and greenish canes the more 'noted are 
the Otaheite, I^Uuzier, vSalangore, andt Bamboo ; the White 
^Transparent, White Java, and Rose Bamboo. The striped 
canes include the Striped Tenna, Otaheite Ribbon, Cheribon, 
and Java Yellow. Of the d?rk-coloured canes there are the 
Black Tanna, the I^ouisiana Purple, aiciv^^Java Cheribon. 

Seedlings.-^The object in view in growing seedlings is 
to get varieties with new characters, and then continue the 
selection by cuttings until they** are found stable dnd fit 
for industrial cultivation. In reproduction from seed the 
plants from the same mother show greater variability, ‘while 
those from cuttings are remarkably fixed in her^iditafy 
'characters. It takes about five years to settle the value of a 
seedling va'riety. The first plants from seed are small and 
seem inferior, they are likewise poor in sugar, but. the plant, 
canes grown from these soon begin to reach a normal 
chafazter, and it is here that real selection is made, based 
on the form, height, and colour of the stem, the length of the 
internodes, the consent of sugar, quantity and purity of the 
juice, and resistance to the attacks of disease and capability 
oMurnishing^successive ratoon crops. 

Pests and Diseases.— When the cane plant is weakened 
by drought or by defeetive soil conditions It becomes more 
susqeptible to the attacks of fungi and microbes, particularly 
if the hard outer rind is broken or injured, as by excessive 
trashing or when gnawed^by rats, and a great deal of the 
time and attention -of the e^^riment stations is devoted to 
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the study of the diseases to vftdch cane i§ subject, and to 
devising means to prevent or counteract the damage. The 
ends ^ cuttings used for plantmg are particularly open’to 
infection, andr.wh^n these are sent from distant parts they 
are first soaked for 24 hours in Bordeaux solution, dried, 
and then packed in animal charcoal with a little copper 
carbonate j this enables them to keep sound for a Ipng |>eriod. 

The moth borer lays its eggs on the leaf, and the cater- 
pillars make their way through the soft •parts of the rind 
near the joint or at the eye, or the terminal point and tunnel 
along the stalk. Fungus pests then enter and spread. The 
beetle kdown as the shot borer makes small holes in the rind 
of weak or diseased •canes. The rind fungus causes dark 
discolorations on the stem. The root fungus, MarasmiuS 
sacchtiri, produces diark red spots*on the root and lower 
parts of the stenf, and the canes gradually die. The sereh 
disease in Java has^used enormo^^s damage. It is marked 
by a general dwarfing of the growth and a feddening of the 
stalk ^and tissues. Although hereditary, and apparently 
not infectious, the discac.e*appears to be due to special soil 
and cultural conditions rather than to micro-organisms. 
In tlie gumming disease drops of a gummy substance exude 
from ihc fibro-vascular bundles when the cane is cut across^ 
growth ceases, and the leaves ti^rn ytllow. It has been 
shown to be due to the bacillus Pseudomonas vascularum 
against which certain varieties of cane are immunoi The 
pine-apple disease is due to the ftmgus Thielaviopsis etha- 
ceiicus, a wound j^yarasite, often introduced in the «nds of 
plant cuttings. The inside of the stalk becomes red* then 
black, and gives off a pleasant odour «f pine apples. Th^ 
control of the various diseases is secured by the use of 
immune varieties, the use of only sound, h' i!thy cane^for 
planting, the isolation of diseased areas and their treatment 
with lime, the tise of fvmgicide washes, as Bordeaux mixture, 
and attention to drainage and healthy^soil conditions. • 

Extraction of the Juice.— When the cane reaches 
maturitj^ it loses all its leav^ except a wide-spreading 
bui 2 c 5 at the top, and the item beebmes shiny and of a 
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lighter colour ; tjae tugar cohtent is then at its maximum. 
The caneC are cut by hand close to the ground and the 
sod top joints removed with the cluster of leaves, and the 
stem is cut into pieces about three or fout fee^t long. I'hese 
are then trdhsported to the factory to be worked up im- 
mediately lest deterioration of the juice should occur. In 
large a-^ntral factories where canes from outlying plantation^ 
are brought, or in cases where a breakdown liai)pens, this 
cannot always, be ^done, and the canes may renjain several 
days after being cut before they can be crushed. In sifch 
case they should be covered wdth trashed leaves kept moist 
to prevent desiccation. It has been found that aif enzyme 
present in the tbps and capable of difrusing downwards in 
{he stem is liable to cause rapid deterioration of the sugar 
in the juice, and this supplies a reasofi for cutting off the 
tops at once. 

C^ne Mills.— Karliei; forms of mffi'cf for extracting the 
juice consisted bf two or three rollers of wood, stone, or 
iron, supported vertically in a strong wooden frame. To 
one roller a long horizontal leter was fixed, turned by 
hand or by animal power, and the canes were fed in by 
hand, the pressure causing the other roller to revoive.*' In 
yhs way only about half of the juice present was extracted. 
The first step in improvement was to arrange the rollers 
horizontally, the advantage obtained beii|g that the feed 
could then be utilized over the whole length of the roller, 
bevel gearing being used to change the motion. In back- 
ward br primitive countries such mills arc still in use, 
driven by Vind or water power, but in all more modern 
factories steam is tcniversally employed as motive power, 
and several are now using electrically operated mills. The 
unft mill consists of three rollers placed horizontally one above 
and two below with a space between, the most effective 
position being stich th^it the centres ot the axles form a 
triangle with 9 vertical angle about 80°. The first of the 
wo lower rolls is the feed roll, the other is the megass roll. 
<(Between these is placed the dumb turner or megabit turner 
to carry on the crushed canetto the megass roll and pTeyent 
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it from becoming bwckled in ttfe passage.' ^The adjustment 
of this tumet is a matter of great importance in tlA efficient 
working of the miU, ensuring that the crushed cane •is 
passed to theispace between the back roll and the upper 
one in a state that the juice is not reabso*-l^d and yet 
without overmuch resistance. The second pair of rolls are 
placed closer together than the first pair, since the iclt of 
cane passing between them is thinner, owing to the crushing 
it has undergone in passing through the first pair, and has 
al^ l#st juice. In a mill of this kind about 6o per cent^ 
of juice is expressed in the double crushing to which the 
cane haS been subjected, or in the most powerful mills 
65 per cent, may be* expressed. Thus in canc containing 
10 per cent, of fibre 25 per cent, of juice still remains in 
the crushed bagasse.* Howevei^ as the fibre in its natural 
undried state corltains colloidal water the remaining juice 
will not have the fame density a^that already extracted. 
By passing the bagasse through a secondhand third mill 
a further quantity of juice may be extracted, and this is 
still further increased che addition of water in restricted 
amount so as not unnecessarily to dilute the juice. 

Maceration and Imbibition.— In the addition of water 
to the bagasse between the first and second mills or between 
the second and third, it may be d^me b> spraying over the 
layer of bagasse, when the operation is properly called 
imbibition, or by passing the bagasse through a bath of 
water, when it is called maceration. To secure the^best 
results with imbibition the pressure of the mills mtst be 
regular and constant, the bagasse well subdh^ded as it 
leaves the rolls and fed uniformly ; the imbibition must 
be evenly distributed over the whole surface.^ After crush- 
ing, bagasse absorbs water readily and swells up. As the 
cell-walls of the juice cells have been broket\ the water 
I^enetrates and dilutes the juice, filthou^ the mixing is 
never complete. It is an advantage to carry out- the 
operation in two stages, the more dilute juice from the 
third flijU being often used instead of water between* 
the first and second mills if th<^ state of the bagasse*is sijch 
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as to enable it t,o absorb thfe jtdce. If«. we# suppose an ex- 
traction V)f 72 per cent, by the time the bagasSe leaves the 
sefcond mill, it will stilUcontain 18 per cent, of juice, as- 
suming the fibre to be 10 per cent. Now, qn the addition 
of 15 per (tent, of water calculated on the original cane, 
the bagasse will then contain 18+15=33 pet cent, of 
diluted juice. If this 15 is squeezed out in the third ‘mill 
there is recovered I5X?J=8*2 per cent, of juice. As the* 
mixing is incomplete the actual recovery is less than this. 
There are Umits to the amount of water that may'bo u^d 
for imbibition, since it is necessary to balance the economy 
of extra sugar gained as juice against the increased cost 
of fuel required to evaporate the more dilute juice. Further, 
Vith rejieated imbibition and crushing, impurities are ex- 
tracted from the fibre,' especially wh6re the water added, 
is rendered alkaline with lime to avoid fermentation. The 
juice is also more difficult to clarify. "^The increased yield 
of juice, moreover, is not proportioned to the water added, 
and must be kept within limits. The gain, however, is 
more marked with cane of a highser content of fibre. 

In order to render the bagasse more capable of absorb- 
ing the water of imbibition and to facilitate crushing, it 
^is now usual to subject the cane to a preliminary cutting 
or shredding before it is passed through the mill. The 
cane cutter or shredder is particularly useful when deahng 
with canes that are bent and do not lie evenly.' It con- 
sists of a scries of slightly curved' knives arranged helically 
on a horizontal axis near the feed-plald of the mill. The 
knives tear or slit open the canes. The Krajewsky crusher 
consists of two st^l rolls with zigzag conugatiens which 
mesh into each other and break the cane before it is passed 
though the mill. These arrangements mateTrially increase' 
the amount of cane dealt with and give increased extraction. 

Multiple CiHishingfl— Although various forms of mill 
have at times been tfied, the modem form of mill ‘'consists 
of a number of units of the three-roller type preceded or 
•not by a two-roll crushes, thus giving mills wit ji’ eleven, 
fotjrteeu, or seventeen rolls. The higher pressing ^hus 
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obtained give mort of the juice from the bark and nodes 
<Sf a lower quality than that from the pulp, thus the higher 
the extraction the lower the quality of the juice. If the 
purity of the ji^ce is 90-6 with an extraction of 87 per cent., 
it would be only 89-3 purity when the extractfcn reached 
92 per cent. The sugar obtained from a given juice does 
not increase proportionally with the extraction ; Jhe lesiill 
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of the higher extraction, however, is found to he c(?onomical> 
the present mills with multiple units '•yielding a greater 
quantity of sugar of slightly lower quality. , 

The Diffusion Process.— Since the cells of plants are 
able to take up^their nutritive materials from loutside to 
inside by purely oiftnotic processes,* it should be possible 
under Stable conditions to make them yield these* up 
again from inside to outside. Each cell is formed of the 
celiuloscT Jrall, a layer of protoplasm, the cell juice, and the 
nucleiis. The juice cannot leave the Tjying cell becaq^ 
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the protoplasmic envelope Ss impermeablei>to the cell juice. 
It is necessary for the process of extractioii of the juice 
tb kill the protoplasmic layer, or at least to modify it by 
heat, so that it no longer offers an obsthcle^to the diffusion 
of the contents, but allows of an osmotic exchange, through 
the cell -wall, of the dissolved sutstances — sugar, salts, 
albuftien^ colouring matters, etc. — just as through' a'hy 
other membrane. This is the basis of, thc^ process of 
diffusion ior jextVacting the sugar juice from the beetroot, 
•which was successfully applied by Jules Robert at SoelcAvitz 
in Moravia in 1864. 

At this period double milling of the cane was the rule, 
and only 83 per cent, of the total su^ar present in the cane 
was extracted, or 86 per cent, when maceration was also 
used, and attempts were soon made ‘co apply the diffusion 
method to the can^ with the object of ’increasing the ex- 
traction yield. Although the proc^ necessarily entails 
increased dilution of the juice up to 25 per cent, on the 
original cane juice and consequent increased expenditure 
of fuel for evaporation of the extra water, an extraction of 
95 to 96 per cent, of the total sugar was obtained. The 
effect o| this increased extraction was to stimulate im- 
j prove^rushing by the use of multiple mills, the adoption 
of cane J^reakers or crushers and carefully controlled 
maceration, whereby the yields by moling were so in- 
creased that, all points considered, diffusion no longer 
offered any adyantage. On the other hand, combinations 
of thb two processes have been put for^rard ; cane bagasse, 
from whi^h part of the juice has been extracted by milling, 
is put through th^^ diffusion process for the more complete 
exhaustion gf its sugar content. In the diffusion process 
tne cane is cut into thin slices or chips onb millimetre or 
more in thickness, and the chips then filled into a series 
of T[2 or 14 vessels, the diffusers, and treated until suffi- 
ciently exhausted. *Two of the diffusers are always out 
of the circuit, one being emptied and the other being filled 
with fresh chips. Of ths remaining twelve, th^bne that 
cc^taifls the mosj:, nearly exhausted chips is supplied with 
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water to remove ^he 4 ast traces ^of juicef T^he dilute juice 
from this passes through the next, and so on in turn through 
leach ceU of the battery, finally passing through the diffuse! 
last filled with fresh chips from which the juice is drawn 
off for treatmient in the factory. The usual cotfrse of the 
circulation in the diffusers is from above downwards, but 
in *1?he freshly filled diffuser (A, Fig. 6) this direction is 
reversed, the juifc entering from below so as to drive out 
the air from the chips through the air-cock "in the lid cover. 
As ^on as juice issues from this vent, the cock is closed 
and the ^rection of flow reversed to the normal and the 
juice drawn off below. E^^en by this means it is not 



A 

Fig. 6. — Diffu'-ion Battery. 


possible to get ri(f of all the air, and cir^'ulation in the 
battery is thereby considerably impeded. It is also usual 
to introduce water below in the diffuser containing nea|ly 
exhausted chips so hs to loosen these and facilitate their 
removal when the diffuser is opened, because there is a 
tendency for them to become tightly pactced owing to the 
pressure under which the battery is worked^ To each 
diffuser there is* attached a juice heater by wliich the jui^' 
passing from one ^diffuser to the next is heated during its 
passage through a iSeries of tubes heated by ixhaust steaftn. 
By this meLxis the diffusers are maintaihed at»the tempera- 
ture most favourable for diffusion, usually 85° to 95° C. 
The difftf^rs containing the more* recelhtly filled chips are 
quickly "raised to 90 C., and tMs is kept, up through th^ 
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battery, only f filling again *at the end«containing the nearly 
exhaustfed chips. Each diffuser contains a perforated 
false bottom to prevent the chips being carried ^through 
with the juice, and a perforated plate in^.the upper part 
serves a 'similar purpose (Fig. 7J. Diffusion, juice is 
purer than mill juice, contains less organic matters in 
suspension, and is less coloured, colloidal impurities being 
left behind in the cells ; the disadvantages are that it is 
difficult to cut tane chip's, these also tend to pach in the 



diffusers’ and cause bad circulation and consequent fer- 
mentation of the^ juice. The exhausted chips do not form 
so good a^fuel as bagasse, and the juice obtained is more 
iilute, necessitating an increased consumption of fuel for 
the extr^ evaporation. The process also requires skilled 
supervision, aid does not afford so great a margin for a 
rush of workfcas miKs. 

The Naudet process is a combination of milling and 
diffusion, bagasse from tthe second mill after dly crushing 
being taken from^which 8i0 per cent, of the total ^ujee bas 
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been extracted. JThe^bagasse is subjected to diffuaon under 
forced circulation, a pump drawing off the dilute juicii from a 
diffuser^and delivering it through the heater to the top of 
the following diffuser, any particles of loose bagasse or cush- 
cush are ret^dne^ by an intervening strainer. The method of 
mashing or starting a freshly fiJhid diffuser is to pass through 
the, Ijagasse some hot juice from previous diffusion so ^ td 
raise the temperature to lOO® C. ; mill juice corresponding 
to the bagaSse, limed and sulphited is then jumped throi^h 
thediet^tcr into the diffuser so as to drive out the more dilute * 
juice, and the diffuser is then connected with the battery. 
By this iffteans the juice drawn off is obtained defecated and 
filtered. 

In the Kesseler process the extraction of sugar from 
bagassp is continuous, • an upright U Shaped pipe being used 
as the diffuser. The bagasse is forced through the pipe in a 
compact mass by 9 screw conveyer, water being forced 
through at the opposite end of the pipe, and juice lea^ng 
\^ere the bagasse enters. After the bagasse has passed 
thrown the water it ic subjected to great pressure by a 
screw and discharged from the pipe. 

Mtga%s. — Megass*or bagasse is the refuse of cane after 
criishifllg in the mill. The amount of this materl(jpto be 
dealt with is very large. A cane containing 15 per oent. of 
sugar has a fibre content of 10 or 12 per cent., an^ the yield 
of moist or green megass amounts to one-fourth of the weight 
of the canes worked. The average percentage composition 
of megass from the4nills is, fibre 42, sugar 5 to 7, ask 1*5, 
water 50, the water content varying according afe* dry 
crushing or maceration is used, and being much greater in 
megass from the diffusion process. By its use as fuel it 
is generally capable of furnishing the whole o^^e laif^ 
quantity of steam necessary for evaporation an(J power in 
the factory, but Sncjially constructed fumates are required 
owing fo* the bulky character of this fuel, ^t is fed atjto^ 
matically from a hopper by a mechanical stoker so arranged 
as to be.iinder pressure to avoid Jts being carried away by 
the diaaglit. Contact of the mggass fuel with water-cooled 
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heating surface is be avoided, oth^wise the reduction of 
temperUure causes loss due to incomplete combustion, 
distillation products escaping unburnt. Heated ai|; supply, 
ensures better combustion and increased efficiency. ' Where 
labour is cheap the megass is partly driecf by jppreading it 
in the sun, or in other cases it is pdssed through a drying 
‘chapber^ where it is heated by the waste furnace ^^es 
during its passage on travelling bands. By this means half 
of the wdter may be removed and the water con^:ent reduced 
from 50 to 35 per cent., with a corresponding increase iti its 
value as fuel. If the supply of megass proves insufficient 
for steam requirements it is supplemented by burning trash, 
wood, molassCs or coal. From 4 ta 5 tons of megass are 
equal in thermal value to a ton of coal. The ash of the 
megass is used as fertiliser pn the cane fields, the large amount 
of potash and phosphoric agid in it being <:hus restored to the 
soil. The soft portion or pith of the nj’egass sifted out and 
mixed with ‘molasses forms the cattle food molascuit. 
Owing to its length of fibre megass affords a suitable material 
for the manufacture of strong .wrapping paper in localities 
where it can be replaced at reasonable cost by coal or other 
fuel. It has also been used as a filtering mediuiii fdlr cane 
juice, but there is a tendency for it to render the juice ^mmy, 
especially when exposed for long to alkaline (limed) juice 
at a higli^temperature. 

Yields.—The highest yields of sugar per acre are obtained 
in Java and Hawaii, and the lowest in the primitive parts 
of 'fitdia and dther tropical countries where the canes are 
not bhly ^oor in sugar, but the methods of manufacture are 
destructive and wasteful. In Java the sugar cane is an 
alternative crop with rice and other food crops, and the 
j^ter of' rivers used for irrigation leaves a fertilizing 
slime rich in potash and phosphoric acid, giving for the 
whole island anf average yield of 42 ton&of\:anes to the acre, 
"^^he Hawaiian Isknds a still heavier crop is obtained^ as 
much as 100 tons of canes have been obtained from the 
rich volcanic loam assisted by irrigation, and with the aid 
of ufvto-date maohinery ti;ie si^ar obtained has^e^ched 
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5 6 tons t(t the acre some o? tjje islandj’ In Cuba a single 
factory may crush as much as 600,000 ton 5 of cai|e in the 
season, and produce 70,000 tons of sugar. In the West 
Indies* about 20 or^o tons of canes to the acre is the usual 
crop. 

The results obtained in the Bareilly district of the 
United Provinces of India given recently by Hulme and 
Sanghi, show the great need for improvement. J ava, using 
modern mettiods'’, obtains no maunds (the tnaund is 82} lbs.) 
of |u^r» per acre; Bareilly, with modern ' methods, 64^ 
maunds ; and by native methods only 7J maunds per acre. 
From these figures it is not surprising that, in spite of a 
10 per cent, import dufe^ and the payment of freight, railway, 
handling, warehousing, and other charges, Java can sell « 
sugar in the interior of India againsl^that produced locally. 

Character of tTw Juice. — Ca|ie juicc^ direct from the mill 
is an opaque liquid, Jrothy from entangled air, and in colour 
from grey to yellowish or dark green, according to the c^ne 
ff^)m which it is derived. It contains in solution all the 
soluble* constituents of ^ane ; sucrose, reducing sugars, 

pectin, gums, salts of potash, soda, lime and iron as sulphates, 
chlorides^ phosphates, silicates and salts of organic acids ; 
aild iif suspension, sand and earth from the soil adhering 
to the cane, fragments of fibre, wax, and colouring qjatters. 
The fresh juice has a faintly acid reaction to litfius, more 
pronounced when*burnt or damaged canes are worked, and 
is viscous from the presence of albuminoids, pectin, and 
gums so that it cann4)t easily be filtered cold.* • • 

The colouring matters of the cane nre chlorophyll, 
saccharetin, and, in dark-coloured canes, a^jthocyan. Neither 
chlorophyll nor saccharetin dissolves in the juice, but enters 
it with the cush-cush, as the finely divided mega^irwg^ienj^ 
are called, and is thus present only as suspended particles ; 
but by the acliofi lime or alkalies the sa^icharetin turns 
yellow hud passes into solution. The.colour^ of Demer^»- 
crystals as originally made was due to this substance, 
AnthocygM, the pigment of dark-colojired canes, is freely 
soluble mild adds its quota to y^e colour of the juieg. As 
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Zerban has shown, /.he darkening of e:!^pres^d jd[ce, which 
is colourless while in the cane, is due to the action of oxidase 
a»d peroxidase ferments on the polyphenols or tannins, 
and a green colour is caused by a trace of iron dissolved from 
the mill rolls by the organic acids present ill th^ juice. A 
closer study of these reactions will doubtless lead to methods 
fbr tlje removal of the colour or the avoidance of its formation. 

Clarification . — The turbid juice as it flows from the mill 
passes thfough a coarse strainer of wire gauze to remove 
,cush-cush before it is pumped to the measuring tanks, o It 
is then defecated by treatment with milk of lime, usually 
at 20 degrees Baume, and passed through a juice^heater to 
enter the defecator or clarifier whei^e the separation of a 
scum and a sediment takes place, leaving a more or less 
clarified juice ready tcf'^bq sent to the evaporators. This 
tempering with lima is an pperation requiring considerable 
experience ; the amount added mu,^t be sufficient to 
neutralize the free natural acidity of the juice and such as is 
found by trial to give a ready separation of the sedimen?*,. 
By the action of the lime and beat albumen is coagulated, 
much of the pectin also becomes insoluble, and calcium 
phosphate forms as a flocculent precipitate. If /oo- little 
lime is added the precipitate does not settle readily ; ' and* if 
too much, the clarified juice is left alkaline, and on being 
heated, 3ark-coloured compounds are formed from the 
reducing sugars present. Since each separate lot of canes 
differs in the amount of lime needed, constant adjustments 
are'" necessary tb keep pace witii the va^ing composition of 
the juicei^ Some juices will not clarify without an excess of 
lime, and the alkaline juice in this case must be neutralised 
by passing through the sulphuring box, in which it is sub- 
JkcteHll^J'‘^stream of sulphur dioxide, or by^the addition of 
phosphoric acid when a slight excess only of lime has been 
used. As it is^ impossible to filter tl^p j‘uice the clarified 
'portion of jui^e between the scum and the sediment ly drawn 
off as soon as the separation is sufficiently complete, the 
operation being thusbmer^ly a decantation. « , 

Defecation /4^^tt/s.—Be^de.s lime and sulphtir^us and 
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phosphoric acids many othir ^agents, Either alone or in 
combination, ha-^e been proposed and used Tor clarjjfication, 
the object in view being to cause a separation of mechanical 
and dissolved impurities bv the formation of a more or less 
bulky precipitui^, and at the same time to effect^ decolora- 
tion of the juice. Among these may be mentioned salts of 
aliiminium, zinc, tin, and even lead. Barium hydroxide 
and salts of barium, tannic acid, ozone, and other*oxi(fising 
agents and oxalic acid. Many of these arejeffective enough 
bul^ f'ora the expense involved, or from their poisonous 
nature* are either not economical or obviously inadvisable, 
and in pi?btice only the three agents first mentioned are in 
general use. Manour^ uslvI 075 grni. of BaO and i grm. 
of magnesium sulphate per litre of juice after defecation 
with lime. The filtrate from this tteatment was free from 
the defects of decanted juice."* Processes which do not 
permit of filtration of the turbid juice lead to ready fouling 
of the evaporators and boiling appai’atus, causing loss fK)m 
tke frequent cleanings necessary. The transmission of 
heat is also retarded by the deposits formed. A dilute 
solution of formaldehyde ,vas used by Simpson at the 
Cavadon^a central factory in 1906-1907. At a concentra- 
tion I in 20,000 formaldehyde was found to retard the 
decomposition of cane juice ijr several hours. It hardens 
the tissues and cells of the fragments of cane in sf^ension 
in the juice and precipitates them with the scums so that 
they are eliminated from the juice. It coagulates the 
albumen which is taken up by the lime and removed^ and 
also precipitates pectic matters and ferments and. thus 
lessens the tendency to acidification, and it does n jt combine 
with sucrose or alter it. The vapours pass off on evaporation 
and are harmless to the workmen. An increase cf.4;\i^ty 
the juice ^hus treated was found of i*o to i 7. 

Hydrcsulpbites are used to bleach the juice, particularly 
when tJajg object is to manufacture sugars \or direct con- 
sumption. The sodium salt is known under* the name of 
Blankit apd the calcium salt as Redos. These salts act as 
powerfqf ceducing agents on the*colo?lring matters of the 
Q. ^ 5* 
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juice, much more 'so than gulphurous^acid, but with the 
use of |mlphuibus acid and sulphites the flavour of the 
products is adversely affected, notwithstanding the small, 
proportion required. The reaction proceeds according to 
the equation: Na2S304+0+H20=2NaHwS04. ^ The dark 
products formed by overheating the juice are far less readily 
bleached. ^ „ 

Defecators. — Instead of completing the operation of 
defecation in oi\e vessel where the juice is limed and heated 
by steam, the scums removed, the sediment aKowed to 
subside, and the clarified juice run off for concentration, it 

is now the almost universal practice 

Vj r: ^ . V _ ^ juice-heater to 

remove air-bubbles and then trans- 
< fer it to special vessels, the defeca- 
tors or clarifiers, where lime is 
added and, aftpr settling, the clear 
juice is decanted. In Mauritius a 
form of continuous settling tank 
called t^ie Bac Portal consists of a 
shallow tank about 15 feet square, 
divided by parallel partiyon® into 
a series of troughs a foot wide. ‘"A 

Fio. s.— Hatton's Con- portion of tlic partition is removed 

lirtui.s''S Defecator. ^ - - 

at alternate ends of the troughs 
so that the juice entering at one corner ‘'of the tank over- 
flows from one trough to another, and takes a zigzag 
coferre of about 200 feet, depositing, in its passage the 
bulk of the suspended impurities. In Hatton’s continuous 
defecator the cojd limed juice enters in a regular and 
steady stream at the bottom, and as the level rises over- 
IXiws The smaller suspended vessel ftom which the 
dear juice flows off as the vessel fills. The juice is heated 
byt steam ^admh.ted to*the double botto^,^to a temperature 
rot exceeding 100° tC., the temperature being maintained 
constant by an automatic regulating device. The scums 
rise and form a layfr on the surface several inoh^^s thick. 
These ^are removed jn a faii^ dry state, and need further 
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treatment* as their , sugar content is ^ Very small. Any 
sediment which may fall and adhere to the bott</m, thus 
. lessening the transmission c ( heat, is removed by means of .a 
scraper which is gently rotated to loosen the incrustation, 
and then suddenly opening the bottom discharge cock for a 
moment, which allows the of juice to carry out the 
dqiposit. In the Deming system of superheat clarificatio!i 
the impurities are precipitated and removed automatfcally 
and continuously. The limed juice is forced b^ a pump 

firs^ through the absorber, and ^ 

then through the superheater, 

where it^is heated to iio°-i20° - 

C., and, finally, thi^ugh the 
absorber, where it is cooled down ^ \ 

to 94°^ C., by giving «p its heat^ » / \ 

to the incoming cold juice. Th^ L \ 

quantity’ of juice ^required to / \ 

till this heating arrangement is / A \ * 
sfnall, and during the operation / / \ \ 

it is uftder heat but ^5 s^c^nds, r — r ^ 

being discharged at a tempera- \ \ / 

turc belc^w that jicisible in the \ / 

0]5fcn ylaritier system. It then \ / 

enters the continuous settling \ / 

tank from which the juice is con- 

stantly decanted to the evapo- ^.-continuous Settling 
rators. There are no surface Tank of Dcmmg's ciarifica- 

scums to require skimniing or tionSyate^i. • 

brushing, everything being precipitated with the mild to the 
bottom of the tank, where they are drawi^off. This system 
uses but one-half to two-thirds of the amount of lime 
required by ih^ open process, because lime ihoiv. 
combines .vith cold juice, and the instantaneous applica- 
tion of high increases the action of lime during 
the p fV^?sF of clarification. The muddy jijjce drawn 
below is sent to filter presses for filtration, the plant 
required^ iieing only onc-tenth of tfi^t which would be 
required fb filter the whole. 
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Sulphuring. — Jn the Qrdinary defecation p/ocess only 
enough feme is used to neutralize the natural -acidity of the 
juice, but with a greater tempering there will be a more, 
energetic action of the lime on the impurities in thfe juice. 
The latter ♦'•vould in this case be left alkaline, and to prevent 
the alkalinity from affecting the juice adversely, the lime is 
I’bmqved with sulphur dioxide. To each looo litres of J pice 
about 10 litres of milk of lime at 15° Baume are added, and 
the limed juice ris treated with sulphur dioxide either by 
.pumping the gas through a perforated pipe lying in'tjie <ank 
or, more usually, by means of a sulphur box. In this the 
juice enters at the top and falls in a shower on d series of 
trays, while the sulphurous acid gas, •generated in a sulphur 
oven, is injected below by a jet of steam, the supply of gas 
being so regulated that .the issuing juice is neutral to 
phenolphthalein. The turbid juice is ths'n passed through a 
heater so as to raise its^ temperature to 90® C., and then into 
a defecation ttnk where it is brought to the boiling-point — 
I02°~i04° C., and the precipitated calcium sulphite and oth'br 
impurities allowed to settle, avd the clear juice drawn off 
to be concentrated. In the West Indies the juice is “ sul- 
phured ” first while hot until the colour becomes Kghter, 
due to acidification rather than to bleaching, and a decided 
separAijQn of flocculent matter takes place, and then milk 
of lime is added until the juice is neutral. The slightly 
opalescent subsided juice is theif sent to the eliminators. 
The action of sulphurous acid prevents fermentation, 
decolorizes and effects a coagulation of those albuminous 
matters which are not affected by heat alone. 

Eliminators.-^-In well-appointed sugar factories the 
clarified juice is subjected to a further purification before 
fekling^aamitted to the multiple effect for evaporation. The 
tank use(J for this purpose is called an eliminator, and is 
provided with Jieating \:oils or pipes, and a*'gutter into which 
the frothy sepm overflows. The contents of the“l!ank are 
brought to violent ebullition, phosphoric acid added, and the 
boiling continued far sopie minutes ; meanwhik»- the im- 
gurities are brushed awa^j, with the scum or overflow by 
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the circulation •£ the juice thitil th^ contents Are left 
clean. 

Carbonatation. — For the manufacture of a superior 
quality of refii Jpg crystals, or of plantation white sugar, the 
process of carbonatation is employed in Ja\ra and m Queens- 
land. By this means all the beneficial effects of heav^ 
liming are secured in removing gums and othe* organic 
impurities without the injurious effects on the, reducing 
sugars wliich otherwise ensues from the apf)hcation of high 
temperature in presence of strong alkalinity, and the whole 
of the juice is filtered, thus yielding a perfectly clear juice. 
From I to 1*5 per cent, of Hme is used as milk of Hme, the 
temperature while allAline being maintained at not over 
50® C. At this temperature the effect of the lime on the 
'' glucose ” is to produce lactic atid, the salts of which are 
colourless ; at higher temperatures other compounds of a 
dark colour would ’be produced. Carbonic acid is then 
pumped through the juice until the alkalinitjT is reduced to 
the desired point, and the whole is then filtered through 
filter presses. During the Saturation with carbonic acid 
the temperature is raised to 90° C. The saturation may be 
completed? in one operation called single saturation, when the 
gas is passed in imtil neutralit}’ is reached, or in two stages, 
double saturation, in the first of which the alk^hiffty is 
reduced imtil equal to 0’04 per cent, of CaO, when the juice 
is filtered and then again saturated until neutrality is reached. 
Although in double saturation the juice jemauis mu^h 
longer in an alkaline condition than with single saturation, 
and suffers somewhat in consequence, the reason for its 
adoption is that it is less liable to result in the impurities 
being redissolved, since these are only insoluble while th^ 
juice remains alkaline. The lime added to cane juice in the 
first place combines with and neutralizes the fre« organic 
acids and forms coi responding calcium saltl. Next, any 
alkali salts of acids which are capable of fornfing insoluble 
compounds with the lime will be decomuosed and the alkali 
will be se^ Jree as hydroxide. Part of me alkalinity, there- 
fore, proSuced on adding lime is dhe to polaesium or sddiun^ 
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hydroxide. Further, the Ume combiiies v/ith the albumi- 
noids, gums, and pectins, as well as with the colouring 
matters, and forms a precipitate with these various bodies ' 
which remains insoluble so long as the liquid remains alkaline. 
Moreover, lime also combines with sucrose to fOrm soluble 
^Iterate of lime so that the reaction which takes place during 
neutralization is not nearly so simple as that which occhrs 
on passing carbon dioxide into lime water. or niilk of lime, 
the vsimple precipitation of calcium carbonate followed by the 
'formation of some soluble calcium bicarbonate when excess 
of the gas is used. The saturation gas from the kiln, cooled 
with the water used for washing it, and containing about 
30 per cent, of carbon dioxide, when jnimped into the limed 
juice is rapidly absorbed at the commencement, the escaping 
gas containmg only about 3 or 4 per cent, of CO2. As soon, 
however, as a certain stage of carbonatdtion is reached the 
liquid is observed to become thick and' viscous, the rate of 
absorption of the gas falls off, and the whole contents begin 
to froth up. This is due to the formation of calciuni hydro- 
sucrocarbonate, Ci2H220n2Ca(0H)2.3CaC03. The supply 
of gas is now decreased by connecting up to the next satura- 
tion tank and the froth beaten down by a jet of steani. qnd 
as the liquid becomes heated the insoluble hydrosucro- 
carbonSfec gradually decomposes into CaCOs, and sugar and 
the carbonic acid is again more readily ^absorbed and the 
operation is continued until the desired alkalinity or 
neritrality is reached. In order to avoid the formation of 
soluble calcium bicarbonate the saturaHon is stopped when 
the reaction to phenolphthalein paper is only a faint pink. 
At this point all t&e lime has been precipitated as carbonate ; 
t^e faint alkalinity is due to potassium (and sodium) 
carbonate. 

Treatment of Scums.— The cskimnjings and muddy 
residual juice (from the various def edition operations are 
usually run iifto a tank, mixed with lime, heated and allowed 
to settle. The clear liquor is decanted and mixed with the 
bulk of the clarified juice,^ while the residue is passed through 
Tayldr filters (bag filter^; or put through filter presses. 
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These turfeid juices should be wiorked u^ as quickly and as 
hot as iiossiblc, owing to their increased liability to fomenta- 
tion. In filtering, the pressure should be maintained steady. 
When* great difficulty is found in getting a firm cake, as 
occurs wheti unripe canes arc worked, the remed5^ is to add 
a solution of i per cent, oxalic acid, and then lime, until 
distinctly alkaline before filtering ; or kieselguhr ms^ bb 
used. The defecation juice gives, as a rule, 90 per cent, 
of clear licpdd and 10 ])er cent, of muddy liquid fro*m deposit 
aneJ stiinis. As an alternative to treatment the scums may, 
also be used to feed cattle, and in those countries where a 
distillery is run in connection with the factory they are 
fermented to make ruifi. 

Filtering Media. — Filter cloths soon become coated with 
a thin, slimy film of the suspended nfatters, which completely 
stops filtration, so* that various substances have been tried 
with the object of •obtaining a dry, firm cake in the filter 
press. Bagasse has been used, but has a tetidcncy to give 
tlie juice a gummy consistency. Peat, lignite, kaolin, or 
China clay and diatomitc, hdivc all found more or less applica- 
tion for this purpose. Sand filters of various forms are also 
used.* Im Hawaii wood fibre called “ Excelsior ” has proved 
satisfactory. 

Evaporation. — The clear yellowish juice after ds^ecation 
is usually about 10° Baume, requires now to be concentrated 
to a liquor of 27° to 30® Baume, suitable for boiling to grain 
ill the crystallizing process. 

Earlier Methods. — In the tropics where the grower 
crushes his own canes, the vessel in wliich the juice* is heated 
serves both as defecating tank and evapoireitor. It is heated 
over the fire and the concentration is carried through to form 
a syrup which when cooled forms a mass of syrup and cryst^s 
of sugar. Working on a larger scale the single pot was. 
replaced by several cauldrons of copper bmjt on brickwork 
and Set sc that the fire under the first^coppei supplied heat 
for the following vessels ; — 

Coppfer Wall or Battery .-—TJ^usw^ reach the stagewhich 
is still fn use in some of the Wqgt India* Islands. The juice 
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as it bUiomes 9onQr^ntrated by boiling is Jadled from one 
copper to the next until the required density is reached, 
according as it is to be boded to a high-class sugar in a 
vacuum pan, when it is withdrawn at about 20° Be,' or to 
a dense sytap when muscovado sugar is to be made. The 
high temperature to which the juice is exposed and contact 
\^ith,the ^ir results in a considerable loss of sugar. Various 
modifications have been made in the arrangement with a 
view to avoiding the losses. Instead of placing the first 
.or large copper directly over the fire, the last, containing *die 
most concentrated juice, is given this position. The vessels 
have also been arranged in cascade form to obviate the 
necessity of ladling the contents whidh in this case are run 
from one vessel by a cock to the one next below. 

Panela Train and 'Fryer’s Condretor.— In order to 
increase the surface *of contact the pans are replaced in the 
Panela concretor by a lopg shallow tank divided by numerous 
transverse partitions, with openings at alternate opposite 
sides so that the juice traverses in a tortuous course the 
whole length of the tank in passing towards the end where 
the fire is placed, and from which the syrup is drawn off in 
a state sufficiently concentrated to fill into moulds to set. 
In 1865 Alfred Fryer, a Manchester sugar refiner, intro- 
* duced^hi^concretor by which he sought to thicken the juice 
as quickly as possible and at minimum^ cost to a solid 
condition-r-concrete — suitable for transport. The clarified 
juice rmis in a thin layer over a long sloping platform formed 
of irdn trays placed over a flue, and the juice is caused to 
pass ftom^side to side in its descent by partitions so as to 
travel a long distance, and the bulk of the evaporation is 
thus effected. The evaporation is completed m a rotating 
hAlow cylindrical vessel provided with scroll’-shaped plates 
.which lift^the partially concentrate^ juice from the lower 
part ill which ^ supply is maintained, ^and expose, it to a 
current of heated air‘ passed through the cylinder by a fan. 
After a short time the syrup is drawn off, cooled, and then 
iorms a solid mass reAdy to be shipped for refining.’, * 

The next improvement evas the use of steam as^eatii:^ 
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agent, thus avoidjp^g CKcessive overheating; Tins wa^pplie^ 
to the various forms of evaporators alread> *enumeMed. 

Another method of applying the advantages of film 
evaporation is exhibited in Wetzel's evaporator, one form of 
which was«a horizontal helical coil of copper sttam piping, 
revolving so that the lower pait dipped into the juice con- 
tained in a trough, and in its revolution carried up a thiffi 
layer which rapidly evaporated. 

Bout’s fan consisted of a series of hollow •lenticular 
drifmji', to the interior of which steam was admitted. The 
edges of these likewise dipped into a trough of juice, and on 
revolving evaporated the adherent film of juice. Aspinall’s 
pan is a cylindrical vessel in which is a calandria or drum 
provided with a number of brass tubes through which the 
juice in the pan csfti circulate. •High-pressure steam is 
admitted to the drum around the tubes end the juice is thus 
concentrated. All •these forms of evaporator expose the 
juice to the atmosphere and to high tempesature with* the 
3 anger of injuring the juice. 

The Vacuum Pan. —The introduction of the vacuum 
pan in which the boiling temperature is reduced and where 
the jfiic^is concentrated out of contact with the air, was the 
first ad^mnce towards remedying the disadvantages of open 
evaporation. The early form of vacuum pan invf^tsited by 
Howard in 1830 was a globular vessel furnished with a 
coil of piping for heating the contents of the pan by steam. 
The vapour from the syrup passed by a wide neck at the 
top of the pan to the save-all,” where any spray carried 
over strikes against a pipe and trickles down to bo refthmed 
to the pan, while the vapcur passes over«tid enfers the pipe 
to meet a jet of water whereby it is condensed. This pipe 
is connected to the air-pump which creates the vacuum 4 )y 
pumping sway air and ?ny incondensible vapours. Owing 
to the costly ojjpirtion of the vacuum par| as regards ^uel 
consumpl ion the bulk of the evaporati<5n is cairned out by the^ 
copper wall or other evaporators and the vacuum pan used £0 
completi? the boiling of the thick^snedljuice to sugar. 

Triple Effect .—The preHrnitiary evaporation, however, , 
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is now^onc iu modern factories ♦by mul^ipfe vacuum 
evaporators usually three in number, although quadruple 
effects are common, and even quintuple effects are m use. 
The first vessel is heated by steam, and the vapour frdni the 
boihng j uic4. in this heats the second, and so on. The principle 
of multiple evaporation with a vacuum was first applied 
by Norbert Rillieux, a French engineer in Louisiana, in 
1834. triple effect consists of three cylindrical vessels 
with douK^-shaped heads with a wide neck which carries the 
vapour from the juice from one vessel to heat the„n^xt. 



In the lower part of each vessel is the calandria or steam 
.drum 'formed by two plates fitted with vertical copper tubes, 
through wjiich the juice can circulate from the lower part 
of the vessef to rfclejust above the top of the calandria, and as 
it boils and thickens the vapour passes into the calandria 
of the next vessel. The j nice in this makes it act as a surface 
condenser jind assist the boiling in tlje first vessel, while the 
vapflour of the sc^eond vessel enters the caiandria of the third 
vessel, which «is connected to the vacuum pump. The 
steam supplied to the first vessel thus brings about an 
waporation nearly thVee tides what it would do i^ h single 
vessel, and secure^ the economy in fuel which has mad« the 
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use of the tripl<^ effect practicable. Tljpre is a pipf to lead 
incondensible gases from the calandria to the vapour pipe 
so as to prevent the steam space becoming air locked, and 
anoth'er pipe below to lead away condensed steam or vapour 
to steam ttraps. There are also (not shown fei the Fig.) 
pipes leading the juice from one effect to the next. By 
n^ans of multiple effects one pound of steam could^evayortfte 
an unlimited quantity of juice, but for practical reasons the 
limit is adihitteclly generally reached with*quadrt!ple effects, 
'rife evaporation is due partly to the direct steam used and 
partly to the heat from the juice itself which enters hot and 
leaves the last vessel at a lower temperature. At the same 
time the latent heat t)f vapour is higher as the temperature 
of vaporization is lowered and the losses from radiation have* 
to ba allowed for. 

It is generally -stated that one pound of steam evaporates 
1*8 lbs. of water i» a double (‘fleet, 2*7 lbs. in a triple effect, 
and 3*5 lbs. in a quadruple effect, but these figures will 
necessarily vary with the conditions of the evaporation, 
besides which the steam hsed in working the vacuum and 
other pumps must be taken into account. 

iillfe and Kestner Evaporators.— There are various 
forms of evaporator with horizontal heating tubes in some 
of which the steam is inside, in others outside, tha^besT 
one arrangement of tliis kind which differs materially in 
mechanical detail is the Fillie evaporator. The character- 
istic feature of ^-liis system is that it is a film evaporator. 
The tubes are expanded into the tube plate at ofie e^_ 
where the steam enters, the other end being free end’closed 
except for a small orifice to allow of the^SCape’ of air which 
finds its way into the vacuum space. The juice is circulated 
by a rotatory ^^ump and overflows from a seri es of distributing 
troughs in a shower (^ver the tubes which are staggered ip 
vertical rows t j ensure a perfect film| over all. fThis 
apparat..5 offers special facilities fbr cleaning both the^ 
inside and outside of the tubes, and there is no thick layer 
of jui(ft*through which the vapejurs Ifeve to force their way, 
so thal evaporation is greatly iacihtatod^ A portiqp of 
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circtilatkig juice withdr<awn coiitinuoiisly ^ wW fresh 
juice is ^pplieci to make up for what passes off as vapour 


and in the discharge. 

The Kestner evaporator is another essentially difierent 
form of apparatus by which a more uniform film of juice 



over the entire tube surface is obtained 
than in the preceding horizontal effeet. 
In this apparatus the calandria is 
placed in a vertical position, and steam 
is admitted to the outside of the tubes. 
Juice from the supply tank (Fig. ii) 
enters the tubes through the valve V, 
while steam is admitted at A ; B is 
connected to the vacuum pump, and 
the^ concentrated juice is drawn off by 
a pumjxat L. 

A climbing action ensues as soon 
as the liquid begins to boil, the vapour 
generated filling the centre of the tube 
and carr5drig up with it a film of the 
liquor which climbs up the whole length 
of the tube. At 1) is a centrifugal 
separator to prevent the concentrated 
juice being carried away by entrain- 
ment. The juice is^a minimum of 
time under heat, and the coefficient of 
transmission of heat is high. Both 
the lyillie and Kestner evaporators are 
usually worked as multiple effects. 

Boiling. — ^The juice from the triple 


Evaporator. usually a syrup of 30° Be, and 


corftains about 54 per cent, of solids in solution, but has 
become turj)id owmg to some of th^ lime salts and other 
impurities havii^ become insoluble in <the more concen- 
trated solution, *and before being passed to the vacuum pan 
to be boiled to grain is frequently further treated either 
,by simply allowmg thfc syrvp to stand while the su^ended 
inatter subsides, or, it is sulpkured or phosphoric acid added, 
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and then mechjinically filteretj* In tjie vacuum^an the 
charge of syrup is boiled until the solution of sugar becomes 
saturated at the temperature prevailing in the pan, aftd 
then the tern} erature is caused to fall either by shutting off 
the supply of ^eam or by increasing the flow *of water to 
the condenser and thus increasing the vacuum. 

^Crystallization. — ^The sugar then separates minute, 
scarcely visible crystals. Instead of graining tl^e pan, as 
this is called, the addition of small grained Sugar is sometimes 
m^decas seed to the saturated syrup in the pan. The next 
step is to grow the crystals by drawing in a further supply 
of syrup and continuing the boiling. The points to be 
attended to are thatfthe production of a. second crop of 
cr>"stals, called false grain, is to be avoided so that there 
must be no sudden IdWering of temperature allowed, but the 
fresh charges of syrup are to be drawn In from time to time 
as the crystals grow. Should fa''.se grain appear, the spiall 
crystals are washed out, that is, dissolved, drawing in a 
larger charge of syrup or by lowering the vacuum and thus 
raising the temperatuic. '^hen the pan is sufficiently full 
the charge is closed or brought up to strike by gradually 
raising; the temperature until the magma of syrup and crystals, 
called the mass^cuite, is ready to be dropped. When larger 
crystals are required it is sometimes done by cutting* the 
pan, as it is called— that is, by dropping half the charge and 
then continuing the boiling until the pan is full again. 

Muscovado Tanks. — ^The concentrated^ syrup from Jhe 
last pan of the copper wall or other open evaporator, owiij^ 
to the high temperature, does not contain crystals. In 
order to start crystallization it is drawn ofTIBlo crystallizing 
tanks where, on cooling, a crust of crystalline sugar forms. 
This is broken ^rom time to time to help the cooling until, 
finally, a magma of finj crystals and molasses is^obtained. 
Better crystals are cbtained by the use of mi^covado tanks. 
These art’ hemispherical troughs ‘over whidi is an axis 
bearing several wooden arms which are oscillated in the 
mass during the cooling of the syrup as^sted by the stirring, 
so thaj tlie sugar, instead of formkg a lar^^ number of^smaj^ 
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grains, gradually (l?posits on the crystals ^already formed. 
This quality of sugar, although of low grade, has a rich 
flavour for which it is esteemed. 

Vacuum Pan.—Instead of the small and more 6r less 
globular velisel formerly used, vacuum pans are now made of 
enormous size to cope with the large amounts of juice dealt 
withe in ^.modern factories. The form adopted as m/?st 
suitable is a cylinder, the lower end is conical and fitted with 
an outlet valve 'of large aperture. There are' many coils 
so arranged that steam may be admitted to the lowcist tne 
first, and to the others as they become covered with syrup. 
This arrangement is to prevent splashes of syrup being 
caramelized, aS they would be if projvicted on to a hot, dry 
coil. The dome of the pan is provided with baffle plates 
to prevent spray from being carried Over with the yapour 
and consequent loss of sugar by entrainment. There are 
alsq light and sight glacises to enable thei panman to observe 
the boiling mass, and a proof-stick to enable him to withdraw 
samples without breaking the vacuum. In these samplels, 
whicli he spreads on a glass plate, he can watch the progress 
of the crystallization and note whether false grain is beginning 
to form and if the crystals are otherwise satisfactory' His 
aim is to obtain crystals all of miiform size, since these p4rt 
mor^^eadily with the motlier liquor when spun in the 
centrifugal, and any small grain present may be dissolved 
and pass into the syrup and thus be lost to the first product. 

^Curing.— The earher method of treating the mass of 
^gar and syrup obtained by boiling in open pans, so as to 
produce*^ sugar more or less free from adhering molasses, 
was by the pfbtiess of claying. The hot mass was poured 
into conical earthenware moulds, the opening at the tip 
b^ng closed with a wooden plug. The moulds were arranged 
point downwards until the mass set ; at the end of i8 to 20 
hdurs the plu^ was removed and the tuould placed over a 
pot to drain. The pots were replaced after anothef 20 hours 
by fresh empty pots, and a puddle of wet clay was placed 
on the sugar at the base ,pf each mould. The water in the 
clay slowly filtered out, a»d spreading in the ma^*of^sugar 
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carried with it the viscous layer,of molagles adherin-^ to the 
crystals, for the syrup is more readily^luble than the sugar 
crystals. When the first portion of clay was dry it w^S 
replaced by another and often by a third, until the sugar was 
sufficiently .white and purified. It was then dried*in a stove, 
broken into coarse powder, and packed for shipment abroad. 
The whole operation took some weeks and required ji^ery 
considerable space, and the method is now almost com- 
pletely replaced by the process of treatmefit in centrifugal 
mac^nii^CL. which, moreover, has rendered possible the boiling 
of sugar in the vacuum pan. Massecuite from the pan is 
dropped into a receiver called a mixer, where it is stirred to 
keep the magma unifomi, and portions drawn off while still 
hot into centrifugals. There the molasses is spun off, then 
water, steam, or pure? syrup, called *clairce, sprayed on the 
surface until the sugar is purgecLsufiicieiftly. The molasses 
and washed- off syru^i are kept separate, since the latter is^of 
richer quality, and these are submitted to further treatment. 

• Crystallizers. — Instead of drying the massecuite hot as 
described above it is, ecp(‘»^i<dly if of a low-quality product, 
run into a crystallizer, where it is kept stirred, the tempera- 
ture mtan^hile being alhnved to fall gradually under control 
by Lht circulation of water or steam in the jacket. This is 
continued until the mass has cooked si.ificiently for tfuf 
cr5^stals to take up all the sugar possible and the mother 
syrup is exhausted* but the mass is still warm enough to be 
treated in the centrifugal machine. During this cooling, 
as crystallization ])i o" eeds, and the mass becomes colder, 
is necessary from time to time to add a porti.'u of 'Exhausted 
molasses from a previous operation to keep'ffie^ mass s'ifi- 
ciently fluid, otherwise it would become too thick to work 
in the centrifugah The crystallizers are usually, large vessels, 
one or two of which, are capable of holding tl^e whol6 
contents of a p^a. They are either senii-cyliu^rical troughs 
or cyli' provided with,.pow^erful stirring • arms which 
make one revolution in about two minutes. After this 
crystallization in motion the molasges is obtained in a more 
completely'* exhausted condition, owing to»t^ie sugar having 
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crystallized in a sfjjarable ^orm by deposition on the crystals 
already present during the fall in temperature. 

Centrifugals. — The centrifugal machine consists essen- 
tially of a drum called the basket with perforated walls, which 
is rotated^'at a great speed. Inside the diCim i^ placed the 
lining or cloth, a sheet of perforated metal which fits against 
fhe^ innpr surface of the wall. When the massecuit^ is 
allowed to flow into the drum, while the latter is rotating 
slowly, getting up speed, it is thrown against 'the side until 
a sufficient charge is in, and the speed having now iiicrc^ased 
the syrup is thrown off and passes through the perforations 
against the wall of the casing surrounding the drum, from 
which it drains down into a gutter around the inside of the 
base of the casing and flows away. The syrup is boiled 
again for a second quality product, while the richer syrup 
produced by washing the charge in th^ machine is usually 
returned to be boiled in the next batch of first product. 
When the mafihine is stopped the sugar is removed through 
an opening in the bottom of the drum. < 

Molasses. — ^The syrups olfiained from a mass^cuite in 
the centrifugal are spoken of as first or second molasses, and 
so on, according as they are derived from first ^or <se<Sind 
product, but when the term “ molasses " is used without 
"‘(JifSufication it is exhausted molasses that is meant^—that is, 
a syrup from which no more sugar can be obtained by boiling 
and otherwise dealing with it in the usual way. Cane 
ipolasses, however, still contains from 25 to 40 per cent, of 
.'.Sucrose, and from 5 to 30 per cent, cf glucose or reducing 
sugats."' ^The reason why all this sugar remains immobilized 
in this exlialJStfSd syrup is to be traced to the combination 
formed by the sugars with the various salts present in it 
ftito an uncrystallizable compound. Aft^r molasses has 
been boiled as thick as possible it cools to a blank, vitreous 
ifiass. Further details on molasses will be found in the 
section on beet molUsses. 

Composition.— Exhausted molasses considered as the 
mother syrup from a ;final massecuite varies ogreatly in 
composition dependent qu the methods of trealiiiMit during 
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manufactufe and on the pnrify the (jj^ginal juice. The 
amount of sucrose held in solution in the water present is less 
than that in a saturated solution of pure sucrose at the same 
temperature, but the sum of sucrose and reducing sugars 
is greater than ^hat of pure sugar. It is not practicable 
to boil cane syrups as close as those from beetroot, owing 
to t^eir greater viscosity, for otherwise they would i^ot \^orR 
in the centrifugals. The moisture of the undiluted molasses 
is usually about 15 per cent., but this is raised to 20 per cent, 
due^to^the water used in purging the sugar. The sucrose 
may be from 30 to 40 per cent., glucose 15 to 25, ash 7 to 
10, water 16 to 20, organic matter 12 to 15 per cent. 

Utilization* — ^The economical disposal of molasses offers 
an important problem for solution. The immense output 
of the product represents a loss of 9 per cent, of the sugar 
in the cane, yet the low price it*commands and the cost of 
carri£^e, notwithstaiiding its large content of sugars, do 
not secure a sufficient outlet for its complete utilization, 
scPthat in some cases it is run into the nearest stream to get 
rid of it. The small quantUy used directly as food is in- 
significant, but cattle consume it readily owing to its attrac- 
tive flavour, and from its richness in nutritive material they 
fatten upon it and improve in condition. Carbohydrates 
favour muscular work, but the poverty of molasses in nrtttJ* 
gcnous foodstuff makes it necessary to tise it mixed with oil 
cake. Its fluid co::dition, however, presents difficulties in 
transport and in doling out the quantities as required. 
This objection is removed by the use of absorbent ma1^j««l# 
to soak it up in the same way that peat is used with bcetfoot 
molasses. At the cane factory a suitable is found 

in the softer part of the bagasse — the pith — the cellular 
tissue of which originally held seven or eight times its weight 
of juice, *and will absorb four times its weight of molasses 
and give a material w^ichTdoes not stain the bags in which it 
is packed, and the cellulose is also in great part digestible. 
In some cases enough of the pith may be collected below the 
bagasse carriers, where it has worl|jed through the slats, or 
the bagas^d is ground and sifted. IJt is the^L dried and njixed 
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with the hot molars to for^i the cattle foo^ calle JMolascuit. 
Another food is made with the milhngs of rice (paddy), 
but this material is not so good an absorbent as the pith.. 
Molasses is also used as fuel. When sprinkled on bagasse 
and bumt^it tends to form a compact cokfe and choke the 
fire, and at a higher temperature the alkali present combines 
ivith the silica of the cane to form a glassy slag difficult to 
remove from the fire bars. It may also be burnt by spraying 
in the same wa^ as oil, but this requires a special form of 
furnace. The ash contains a large proportion of j^o&sh, 
and is, therefore, useful as a fertilizer, indeed, diluted 
molasses may be spread on the fields as a manure when the 
acidity it produces is beneficial in deitroying the nematodes 
which injure the canes. 
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Section II.— BEET SUGAR 


The Beetroot. — The raw material for the manufacture of 
sugar in Eiffope and other lands with tenfperate climates is 
fuinitfchcd by the white sugar beet derived from the wild 
Beta vulgaris or B. maritima found growing in salt marshes 
and belonging to the order Chenopodiaceae which includes 
the goose-foot, spiuacti, and saltwort. Various sports when 
cultivated become fixed in character and differ in size, form,‘ 
colouf, foliage, and ricfhness in sugar ,*as the Vilmorin, Quedhn- 
bourg, Wanzleberer, Imperial^ etc. Originally an annual, 
it has by cultivation become a bienniaCl ; grown in thej&rst 
year from seed it forms only root and lea\ies, and, on re- 
planting, or after remaining in the ground throughout the 
winter, in the next season »t bears a stalk with flowers and 
seed. Occasionally, however, beets run to seed during the 
first b^t the roots are then woody and small, and 

although still rich in sugar, are difficult to cut for use. The 
characters of a good sugar beet are a conical, somewhat-^^ltai^^^* 
shaped, tap-root, almost completely buried in the soil, the 
more so the richer it is in sugar, for the green portion or neck 
which rests above the ground contains a lower percentage of 
sugar. The skin is rough to the touch and has 
tudinal groove on each side, with well-deve1op«d*liairy 
rootlets which penetrate deeply into the sdfi. When the 
soil is stony or too compact and the rootlets cannot thus 
penetrate, the root becomes forked, and there is lessen 
harvesting and the beets are smaller and less rieffi Experi-. 
mental trials have 'proved that beets rich in sugar can ‘be 
grown in this comitry equal to those on thet:ontinent, but 
for various reasons, mainly due to political obsessions, the 
beet sugar industry has not bee^j established here. Large 
sums are*required to equip a fac1»ry for manufacture of^ 



84 CARBOHYDRATES 

sugar, and guaranty are necessary to ensure delivery of a 
sufficient supply of beets to keep a factory working economic- 
ally, since tffis can only be done when the work is on a fairly 
large scale; on the other hand, the deep ploughing and 
thorough wfeding needed for growing sugar b*ets successfully 
leaves the soil in a condition that is highly beneficial for other 
cfop^ to follow. 

Cultivation.~By proper treatment and manuring any 
soil may be made fit for growing beetroot, but the best 
results are obtained with calcareous loams or siliceohscclays 
with calcareous subsoil. A proportion of humus is needed to 
regulate humidity, as it only gives up moisture slowly in dry 
weather, but an, excessive amount renders the soil too acid. 
' The land should be ploughed in autumn to a depth of ten 
inches or more, and farmyard manure used at that tiii^e will 
result in a good yield and quality of beet while its use in 
spring is injurious to the crop. As soon as the soil is dry in 
spring it is pbughed, harrowed, rolled, and spread with 
nitrogenous and phosphatic fertilizers. The seed is sown by 
drills in rows about i6 inches apaart on the level, and not over 
half an incli deep ; about 25 to 35 lbs. per acre is required. 
The most favourable time for sowing is usually about the 
middle of April. The plants will be well above ground about 
'^Erfmtiiight after, when the ground is hoed by hand and the 
hoeing is repeated several times imtil the leaves cover the 
ground. The rows are then cut through, leaving a space of 
8 to 12 inches between the clusters left standing. When 
, thebert)lants have roots as thick as a straw they are thinned 
by hand, leaving only the strongest plant in each standing. 
As soon as'l3ie4eaves quite cover the ground, about the end 
of July, no further work is done on the field until the harvest. 
Dhring the months of August to October the sugar is formed 
. and accumulates in the root. The beet is richer in sugar in 
proportion as ^e autumn is drier and, funnier. From the 
middle of Augast onwards tets are made to determine the 
sugar content of the roots, and to fix the time for taking them 
Up. This should not be Jater than the end of October in 
^rder to avoid fr9s;t. After the roots are taken up ‘and well 
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cleaned from adhering soil, thc^ leaves ind top of each beet 
are cut off to prevent the stored beets from forcing new 
shoots, as these would use up the sugar. The harvested 
beets are either ser*t direct to the factory or thrown in heaps 
on the field. Il these are to remain some time before being 
removed they are covered with the leaves to protect them 
against drying and the n:^ht frosts. The rootst no 4 '* Im- 
mediately used at the factory are stored in silos. The attacks 
of^ematod^, caterpillars, and other injurious pests are kept 
in chPck by not planting the same field too frequently with 
beetroot, a rotation of crops being usual, the beet following 
every fourth year after wh#*at or barley. The yield of good 
sugar beets, freed from soil and trimmed, varies from 
10 to 20 tons per acre^ and the sugar content from 14 to 16 per 
cent. • Forage beets and those grown for producing alcohol 
give a greater weight of roots jfcr acre, but the total sugar is 
no greater and tHb impurities (ncr. sugars) present in* the 
juice while they interfere with the extracti< 5 n of sugar, are 
no detnment in the production of spirit, and are of alimentary 
value, the choice of the kind of beet grown being dependent 
on whether the tax is levied on the weight of roots or not. 

Improvement by Selection. — Perhaps no other agri- 
cultural crop has shown so markedly the importance of seed 
selection as the sugar beet. By the caieful choice of' fht^e 
varieties ^hich ^eemed most favourable to the production 
of sugar and the selection of roots for the production of seed 
diming the succeeding year, and by judiciojis and scientific, 
fertilizing for the purpose of increasing the sugar c#rff?ht 
without unduly increasing its size, the beet has bed!l‘ piaced 
at the head of the sugar -producing plants^! the world. 
The beets to be used for producing seed (mother beets) 
should be of riegular form, high content of sugar, and punty 
of juice with other cljaiacters. Under sinular , conditions 
a beet rich in sugar ^ mostly smaller than oi;e poor in sugar. 
The likely roots are sorted into small he^s in autumn^ 
In spring any beets that are damaged are put aside and the 
others ^jjrted according to weight and sugar content. 
cy%iiical piece is bored out frdtn eachiioot and tested 
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sugar. The beets which are approved are phnted to produce 
seed, which is gathered when ripe in August and September, 
This seed is not sold, but a small part is used to grow mother 
beets for further selection tests. The bulk is sown close, and 
next year jVroduces the seed used for sale.^ Tliiis it takes 
five years to obtain a select crop of beets from the original 
nidch/^r beet ; 20,000 best motlier beets are sufficient -.*to 
plant a hectare (2*47 acres), and from them are obtained 
40 to 60 hun^redXveight of the best seed, and this gives ^he 
following year 150 to 250 acres of the best (Elite) beats, or 
from 5 to 7 milhons of plants. From these there are finally 
chosen the ij million seed-bearers, which furnivsh the planting 
of 250 acres and. the seed for sale and fbr the periDetuation of 
the breed. The seed is cleaned as usual, and regulations 
are made for the trade as to moisture, 'foreign matters, and 
germinating quality "which it^nust satisf3^ The seed is not 
purchased indiscrimihaitely, but each fffctory has its own 
fancy for the particular variety supposed to suit the soil, 
climate, and other conditions. 

Composition. — The cellular tissue of the beetroot is 
permeated by vascular bundles, the zones of whicfii^are 
allied to the production of the leaves. In the cells is the 
juice containing sugar, salts, and other organic matters. 
‘'TttF^iiisoluble tissue forms 4 to 6 per cent., and the juice 
94 to 96 per cent., 75 to 80 of which is water. The sugar 
content is 14 to 16 per cent., but in some cases, in carefully 
nursed beets, has been found as high as 22 per cent. The 
nO^K’-igars, including salts and organic? matter, amount to 
about'^ifo per cent. The inorganic constituents are princi- 
pally potasSffffll, next sodium, calcium, phosphoric, and 
sulphuric acids, chlorine and silica. The organic matters 
in&ude oxalic and other organic acids, invert sugar, raffinose, 
ralbumen, pectic substances, gums, amino-acids, betain, 
colburing and aromatic substances. The quahties of a 
^good beetroot ^re thus summarized by Saillard : ‘'‘A rich 
beet offers the following advantages : it bears more leaves 
ppi* acre, it Contains in its root less mineral matter per 
^100 of, sugar, anfi.its juke is purer. This makeSf i^ less 
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exhausting* to the^soil and giv?s less molai ses. It needs less 
mineral matter for the entire plant (root and leaves) to 
.elaborate loo kilogrammes of sugar, and the mineral matteis 
which it draws from the soil pass in great part to the leaves ; 
it has a ^rsner f ish, it keeps better in silo, it requires less 
expgpse for transport per loo of sugar, it resists dry weather 
better, and all this does not prevent it from pro^cing^^ 
much, or more, sugar per acre than the semi-sugar beetroot. 
It yiiist be added, however, that it leaves 4ess factory pulp 
per ac*e.'’ In addition, the purer juice is less troublesome to 
deal with in the factory. 

Manufacture. — The roots, having been properly harvested 
and delivered to tlie flictorv, are first conveyed to washing 
tanks provided with suitable stirring gear for keeping them 
in niQtion and condhcting them towards the end where 
fresh water enters so that any adhering s«il, sand, and stones 
may be completely #enioved. The beets are next raised by a 
suitable elevator to the slicing apparatus ii\^:o which tney 
a1:e allowed to fall. Here the beets are sliced into thin 
pieces of greater or less lengUi, of such form tliat when placed 
in the vessels of the diffusion battery they will not pack so 
closely together as to prevent the circulation of the diffusion 
juice. These slices, called cossettes or chips, are filled into 
the vessels of the diffusion battery^ and there submitted '4o‘ 
systematic%exliaustion, tlie diffusion. The exhausted chips 
are passed througL a jiress to remove a portion of the water, 
and are then used either fresh, or, after being dried, as cattle 
food. The diffusion juice is led to the carbon atati^ ^^ggor 
saturation tanks, where it is treated with from " 2 %^ per 
cent, of its weight of lime, and afterwards with^arbonic acid, 
until nearly all the lime is precipitated (the first saturation). 
The still alkaline juice is now passed through filter presSles 
by which the precipitated carbonate of lime is removed.. 
The juice next passe -5 to a second set of carbonatation tanks 
to unaergo a similar treatment with lime ani carbonic acid, 
only that a smaller quantity of Hme is now used as compared 
with the*' first (second saturatioji) . The scums are agajp 
remove<!*by filter presses, and thg clear yeUow juice may be^ 
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pulp was wrapped)! in strong 6ut coarse woollen doths, and 
placed in layers in the press with a metal sheet between, and 
exposed to high pressure. The expenditure of manual, 
labour in filling and emptying the presses and washing the 
cloths soon- led to the use of roller presses. ^ ^ 

Cold and Hot Maceration Processes.— The method of 
i:h8?g^ing extracted only 70 to 80 out of the 96 to 97 per 
cent, of juice present in the beet. The process of rasps and 
presses was the ome chiefly used in Germany uatil 1870, and 
ill France until 1876. The introduction of tlie mac?, ration 
process or soaking out of tlie juice from the rasped pulp, 
marks an important improvement. The Icvigator con- 
structed by Pelletan in 1836, adopried in several French 
factories, consisted of an inclined, semi-cylindrical trough 
ill which the pulp was rEfIsed by a woriii against a descending 
current of cold watw. The tvater became gradually enriched 
with sugar, and issued^iis juice, only sligli/ly more dilute than 
that obtained J^y pressing, while the pulp, on arriving at the 
top, had given up its sugar. The fault of tlie process lay hi 
the difficulty of obtaining juice tree from fibre, which* caused 
trouble in defecation. The cold maceration process of 
Schutzenbach overcame this difficulty. A number of Vessels 
(usually twelve) arranged in line, mostly in cascade 'forVii, 
are^filled with pulp resting on the false bottom. Water is 
run on tlie pulp in the highest vessel until full, ai \4 the dilute 
juice obtained is drawn from below tlie sieve on to the next, 
and so on, until the pulp in the first vessel is exhausted. 

is then ’started on the second ^vessel, and the first 
(th^^^^^iicst) is emptied. As each in turn becomes the 
starting-polB^in the series, the partial juice is pumped from 
tlie lowest vessel to the highest, and the dense juice from the 
oJie most recently filled is sent to the defecators. Each 
vessel is provided with stirring gear to mix the water and 
pulp whilt maceration proceeds. This process also required 
the most scrtjpulous cleanliness to secure juice that ’■could 
‘be easily worked. After each vessel was emptied it was 
^oroughly washed, especially the part below the fals^ bottom 
which afforded a suitably lurking-place for gernts- of the 
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dreaded “ frog-sn^wn " {Leuoonostoc me^nterioides). This 
organism develops at a rapid rate, producing the dextran 
fermentation. The earlier filter presses, too, were often 
covered with a growth of this undesirable bacterium. 

From ^tiiaie t( time various combinations o^ methods 
were ^sed : pressing the raspings followed by maceration 
of the partially exhausted pulp, as also removing th^rej^«f 
part of the juice with a centrifugal machine, and^ the re- 
mainder in the same way after macerating in*tvaler. In spite 
of sonv» advantages the latter method was abandoned 
because of the danger of bursting the centrifugal owing to 
irregular running from the uneven way the pulp loaded into 
the machine. 

As early as 1830 maceration with hot water was intro- 
duced by de Dombaslc^who held thaf the life of the cell must 
be destroyed by a sufficiently .high temperature (60 to 
100° C.) to enable Uie juice to pass o'^l, and also that the 
maceration must be prolonged for a sufficient time for the 
eAraefion to be coinple" :. The process was capable of 
extracting go per cent, of thc.juice. The beetroots were cut 
by a macliiiie into slices about 6 millimetres in thickness 
and filled into a battery of six vessels, provided with false 
botcoiii and heating coil. The duration of contact in each 
vessel was half an hour, and the juice drrwn off from each 
vessel was r!^! into the next following. De Beaujeu, in 1833, 
installed a similar plant in which the juice passed by gravity 
from one vessel to the next, and the communicating pipe 
was utilized for heath^g the juice. It was fu^er suggested 
to heat the fresh slices by steam before treating fBbn^^ith 
juice. The process of de Dombasle was adoptvTd m 1847 by 
F. Robert, at Seelowitz, in Moravia, but owing to the diffi- 
culty of defecating the maceration juice it wes mixed wiHi 
juice obtained by pressing, the two processes being worked 
simultaneously. 

In 1837 Schutzenbach, instead of using Iresh raspings 
from which to extract the juice, proposed to dry slices of 
beetroot •to preserve them. Thjse could afterwards b^ 
softened ih water to which milk^f lime was added, and 
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extracted in flowed vessels with water at 88° ‘'C. In this 
way he expected to make the factory independent of the 
seavson and able to work continuously throughout the year. 
The principal obstacle lay in the difficulty of drying the 
slices uniiornily and without destruction of sugar by over- 
heating, and the hope of securing a more concentrated juice 
iiQ^- realized. This process was worked at Seelowitz 
along with other methods. At this period J. Robert entered 
his father's factory, after having made a study of the mor- 
phology and physiology of plants as well as of the phe^iomena 
of osmosis, diffusion, and dialysis investigated by Dutrochet, 
Dubrunfaut, and Graham, and had come to the conclusion 
that since the beetroot cells were able to obtain their nutri- 
ment from outside by a purely osmotic process, it should be 
possible, under suitable conditions, for them to yield their 
soluble contents, 'principally sugar, ir a similar manner 
without the necessity of tearing or bui sting the cells, as is 
done when the roots are rasped or when overheated in 
maceration. 

The Diffusion Process. — ^^For diffusion the beetroots are 
cut into thin strips, one millimetre in thickness, and syste- 
matically extracted in five or six closed vessels similar to 
macerators. When the first vessel is being filled with “the 
fresh chips, water heated to 87° C. in an open heater is run in. 
The diffusion in each vessel lasts half an hear, and the 
average temperature of the battery is 30° to 50° C. 

, Robert worked his patented diffusion process for a week 
atNtlip end of the campaign, 1864-1865, and the following 
seasSlfSie factory at Seelowitz used this method exclusively. 
The resulSTere so satisfactory that in 1867 the diffusion pro- 
cess was used in 27 factories, and in 1885, out of 408 factories 
m Germany no less than 402 worked it. 'Diffusion made 
quick process also in Austria and Russia, but in France was 
hot introduced owing to the opinion that it was unsuitable 
for the poorer quality of beets grown there. BesiSes this 
the sugar factories had neither chemist nor laboratory, 
and there was some hesitation in introducing* & process 
requiring some,, knowledge of science. Quarez,' however, 
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started difftision in 1876, and*obtamed a better quality of 
juice and i per cent, more su§ar in fins way than by 
pressing. It was then objected that the exhausted pulp^ 
was injurious to stoct, and only in 1884, when the duty 
was chained on beetroots, the process was •definitely 
adop't^d. 

Theory of the Diffusion Process.— The rapidity 
whicfi the diffusion process replaced the older metljpds was 
a pi^of of its superiority due to the purer juice it fiimished. 
The tqin cells of rasped pulp yielded the whole of the 
Contents of the cells by pressing and maceration of the pulp 
was simply a lixiviation of this impure juice. The same 
result followed when the cells were burst by too high a 
temperature in hot maceration, and prolonged contact with 
hot water also broughfrinto solution pectous substances and 
increased the viscosity of the ji^ce. The aim of diffusion 
is to obtain as much^sugar as possible fi*^im the beet without 
at the same time allowing too much non-sugarg to enter t£e 
juTce. As diffusion is a sir 7 process, it is requisite that the 
roots be cut into suitably tUm slices, and these should be 
exposed to the action of diffusion as long as necessary for 
equilibrium to be attained betw^een the juice left in the cell 
ana' the extract, this diffused juice is then to be replaced by 
weaker juice, and the operation reneatec^ until the slices 
are sufficiently exhausted of sugar. There is a limit to the 
thinness of the slices since the cut surface lays open cells, 
the contents of which mingling with the diffused juice lower 
its purity, and the clec-uer the cut the less vill be the number 
of cells thus opened ; it is thus advisable to work Wth-^h- 
sharpened knives ; when these become blunt uic cells are 
j tpm. Further, diffusion only occurs when the protoplasm 
is killed or modified so that it can no longer offer an obstacle 
to the passage of the juice, hence the necessity for the higher 
temperature in the fi-^st ^diffusion vessel. Apart fiom this 
a rise iu temperature accelerates osmosis, bul the heating < 
must be kept within limits, so as not to injure the quality 
of the juice. A microscopical examination of an exhaustej^ 
slice afte?* diffusion shows the to be ^intact and the 
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intercellular pectejse, which only swells iji boilihg water, is 
seen to be still compact. 

Extraction of the Juice. — ^To prepare the beetroots for 
the extraction of the juice they are first conveyed to the 
wasliing-Aiachines to be freed from ac^iering parth and 
stones, then drained, weighed, and cut into chips ready for 
^feijing into the diffusers. The beets arc now usuall;^ con- 
veyed fjom the store sheds by flumes which are cement 
gutters about feet deep, 15 inches wide,* and roujided 
at tlie bottom. These gutters run the lengtli of tlje sheds 
and are covered with boards. Water is turned on, and the 
board at one end is lifted and the beets allowed to fall in 
and be carried,, along by the current* As the work proceeds 
one board after another is lifted until the store is emptied. 
At the end of the run the beets fall into a drum of perforated 
metal, of large diameter and open at one side ; by this wheel 
they are lifted an<!kdropped into a shoot leading to the 
washing-macljine. Sometimes an Archimedean screw is 
used to raise the beets from a well into the washer. ^ 

Washing the Beets. — ^TheVwashing-machine consists of a 
wrought-iron trough with a rounded false bottom perforated 
by slits through which dirty water may pass into the collect- 
ing space below. The beets are tossed about and moved 
along by a number of arms arranged sjurally on a revolving 
horizontal axis, while a constant stream of vpater is run 
through and kept up to the level of the axis. The beets 
then reach a second compartment of the washer in which 
stones, etc., fall to the bottom, while*' the floating beets are 
liff^^flB^' scoop-like arms and thrown out to the elevator, 
which rai^S them to an upper story. Here they are drained 
and weighed. 

‘ Beet Slicing Machines.— The cutting machine consists 
of a horizontal disc 4 to 6 feet in diameter on a vertical axis, 
and makmg 80 to 100 revolutions per^nute. In the disc 
■are a series Li 8 to 14 apertures, into which fit the knife- 
holders on which the knives are screwed. These travel in an 
^ annular path to which tjie beets are confined by'^baflles in 
the hopper, sunpountingithe casing around the di^. ^A bell 
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covers the central part of tffe disc whiv h does not work. 
Cross-pieces a few millimetres Ibove tfie disc prevent the 
.beets from rolling and being carried round with the revolving 
disc so as to ensure their being cut. The hopper is about 
6 feet high and wide enough so that the beett may fall 
freelj^ and exert sufficient pressure, otherwise good chips 
wopld not be obtained. 

In another form of machine the knives are ^arranged 
inside a lioriEontal cylindrical drum with the cutting edge 
pointi^ig inwards. The chips pass through the apertures 
in the knife-holders. The beets are kept in position by a 
curved prolongation of the .side of the feed hopper. 

Kach knife-holder toiitains a knife with a set of blades 
similar to the blade of a carpenter’s plane, but formed so as 
to cut, chips of tlie seOtioiial form ddsired. One of the most 
approved forms gives chips the section of which, being 
similar to the tiles m the ridg^ of a rcuf, is called the ridge 
tile. This form of chip presents a large surface, and the 
chips lie loosely packed ir the diffuser so that the circulation 
of the juice proceeds frf^ely.. Opposite the cutting edge of 
the knife is the counter blade, which can be raised or lowered 
and r&ed in position by a screw. Its set determines the 
thickness of the cut chips. The far side of this plate has a 
number of apertures to allo^v of the passage of any small 
stones whio^ have not been removed in the washing. These 
frequently blunt or break the knives and cause a stoppage 
of the work. The apex of one knife follows the other in the 
same circle, and the width of the strip — oi frofn apex to apex 
— varies from 4*5 to 7 millimetres. The size ot^nil^yttsed 
is chosen to suit the flesh of the beets being worked, the 
larger ones are used when the beets cut badly. A disc 
5 feet in diameter with twelve sets of knives will cut 3^fb 
tons of roots per day. The chips are conveyed to the ^ 
diffusers by a travehhig iDclt or otherwise. 

Walking of the Diffusion Battery .—ThS ten or twelve 
diffusion vessels worked in coimection constitute a diffusion 
battery. • v^Formerly these were sometimes preferred arrange^ 
in a circlo*but they are now placed in a single or double row. 
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Bach diffuser is ^ wrought-iron cylindrical vcbsel, about 
5 feet in diameter, and of a^capacity of 1750 to 2500 gallons. 
They taper conically above and below to where the cover 
closes the manhole for filling, and the door below closes that 
for emptying the exhausted chips. Bac^ diffuse is con- 
nected with a heater and with valves in communication with 
Vi^f^ter and juice conduits. The conical parts are furnished 
witn per.^orated sheet to act as a sieve, and prevent the 'chips 
from passing away and blocking the pipes^ and valps. 
The last diffuser (No. i suppose) containing the chip.® most 
nearly exhausted of juice is supplied with water mider 
pressure from a tank 30 feet above. The dilute juice 
flowing from the bottom of this diffuser passes through the 
heater and enters the next diffuser at the top, and follows 
a similar course through the whole of the diffusers at, work, 
becoming enriched,on its passage imtil it issues, still under 
pressure, from the first diffusion vessel ^'No. 10) containing 
the freshest <^ps, to enter the measuring tanks as raw 
diffusion juice through the juice pipe. The amount drawn 
off is thus known precisely arivf is varied from 100 to no 
litres, or even more, per 100 kilos of beetroot to suit the 
conditions. When the chips lie loosely packed there is a 
greater proportion of juice present to the chips and more 
must be drawn off to get the same exhaustion. When a 
diffuser (No. ii) has been filled with fresh chip^«^the course 
of the circulation is altered to mix them with the juice — 
mashing as this is called. If the juice entered at the top 
the air between the chips would become entangled and 
prevenT^xOper circulation. The valve to the measuring 
tank is closed and the valve to the heater following No. 10 
is opened so that the juice from No. 10 passes along thg 
juice pipe down through the heater and , enters diffuser 
No. II below, chasing the air before it. As soon as juice 
issues froin the air cock in the cover these valves are closed 
and fhe nornkd course of the circulation proceeds. No. ii 
forming now a working part of the battery. Meanwhile No. i 
is^ cut out of the circuit ^d emptied and water js run on 
IKfo. 2. In order that tl^e juice in all the vessels should 
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have the temperature considered most fa\ iurafcle, the steam 
on the heaters is kept full on, btt as the chips are filled at 
jibout 20° C. the temperature of 75°-8o° C. is only reached 
in the second to the fourth diffuser from the head of the 
battery ;«^fi»m this point the temperature falls fo the last 
vessej, where cold water enters. In some cases the battery 
is worked hotter throughout with a quicker exhaus^’on^’jd 
a smaller number of diffusers, the chips are heated; by a jet 
of V-eam underneath the knife plate in the Cutting machine 
and a/? then hotter when filled, and warm water (40° C.) 
is used instead of cold. The exhausted chips then, however, 
require to be cooled before they can be pressed and stored, 
otherwise they would* rapidly deteriorate. Too high a 
temperature, 85°-9o'’ C., leads to a disturbance of the 
circulation, the chips hre said to be*scalded ; they become 
soft and lie close together and against the sieve. The 
ordinary methods f)f working differ* widely in differejit 
factories, as regards the temperature, duration and density 
of juice and according to lie character of the beetroots and 
of tile chips. Diffusion includes lixiviation of broken cells, 
dialysis and solution of otherwise insoluble matters. The 
latter is injurious, but is favoured by the same circumstances 
that Help diffusion. Complete exhaustion of the chips is 
favoured by heat, by thin juice and fine chips, and is more 
complete if ^ slow, but the juice is purer when diffusion 
proceeds quickly. ‘ When the chips are irregular in thickness 
a solution of insoluble matters proceeds from the thinnej 
ones while the thicker are exhausting. Wten frozen, or 
decayed beets are worked, more sugar must be lefC othei wise 
the circulation is stopped if the temperature is raised to 
».»r.\)^lp the exhaustion. 

Modifications of the ordinary diffusion ha\e been maSK 
The process of Naudet,^ by bringing the freshly . mashed 
diffuser to the ma:J nuni temperature the chips can ^al, 
obtains a quicker extraction and more conc&trated juice 
while the chips are kept quite a short time in contact with 
hot juice!® The juice from the second diffuser enters th^, 
first, wJiiA is just filled, below and leaves, at the top.^ and 
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then passes through a heater ^nd is againpumpei in below, 
and this is continued until^the juice issues at 75® C. Then 
the first vessel is put into the usual circuit and the extraction 
proceeds more quick!}', so that only *4 to 6 diffusers are’ 
required instead of 8 or 10, and the exliausted clyp^ can still 
be pressed easily. Perhaps the most Successful of the 
pwpesses of continuous difiFusion is that of Hyross Rak. 
EacS b*meiy consists of six upright diffusion vessels ^out 
18 feet in height in which diffusion take's place iind^ a 
pressure of i *to 2 atmospheres of water ; the chips, iiqweVer, 
do not remain in the same diffuser during the whole process 
but pass from one vessel to the next. This uninterrupted 
progression of » the chips is brought a<bout by a spiral blade 
in each diffuser and pallets in the transition connecting 
chambers. Each of the diffusers is soKiewhat conical in form 
and fitted with a ^heet of perforated metal in the diffusion 
space, forming a double wall with the esrterior. Beyond the 
sieving zone qf each diffuser is a construction in which the 
chips become compressed and form a wad and prevent the 
juice of one diffuser from mfyiiig with that of the next. 
Condense water at about 60° C. from the triple effect is 
pumped at I or 2 atmospheres’ pressure into the almost 
exliausted chips entering the last diffuser. It permeates 
these and drives the juice separated in the sieving zone 
through the ascension pipe into the previous diffuser, and 
so on to the third vessel. The juice frbm this diffuser is 
drawn off continuously to serve as mashing juice without 
heading for tlTe mashing zone of the» first diffuser. After 
mashl^!7"^he juice enters the circulating tank, from which 
it is drawn by a pump and forced through a heater to raise 
its temperature to 85® or 90° C. The heated juice is supplied- . 
fb the first diffuser at three different levels in order to allow 
the juice to mix more readily with the fresh chips and to 
render the heating more regular.^ The 'first diffuser is of 
550 gallons cjlpacity, the others 400 gallons, and the battery 
is capable of dealing with 400 tons of beets per day. The 
last diffuser acts as a press to the exhausted chips, which 
leave the vessel m a moige or less pressed condition. There 
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is no residual press water to*be dealt wth, as this is auto- 
matically returned, and the lo^ of dry solids in this water 
, is thus avoidt d. '/he scalding process of Steffen extracts 
75 to 8o per cci i of *the sugar contained in the beetroot, the 
remaindier Js left n the pressct^ pulp, which is dried to give 
a dr^ sugary pulp. 

. Exhausted Pulp.— The spent chips emptied /rom the 
diffusers fall into an inclined gutter, and are tl en mised 
cipher by an Archimedean screw or by tin elevator with 
perft'^'^ted buckets for pressing, to free them, as far as 
possible, from adhering water. As dropped from the 
battery they contain 94 to 95 per cent, of water, and when 
raised represent 80 tO i(X) per cent, of the original beets. 
They are pressed so as to contain 10 to 15 per cent, of dry 
solids before deliver^?* to the farmef s, who generally require 
an agreement to receive 10 cwt. of pidp, at a stipulated 
price, for each ton* of beets delivered. The pulp and s^yeet 
water are acid and contain lactic and butyric; ferments in a 
favourable medium an ' at a suitable temperature for 
development, so that the. gutters require to be washed 
frequently with milk of lime, and when empty, with solution 
of bleaching powder. 

I ressing and Drying the Pulp. — It is more difficult to 
remove the water from the spent chip;, by pressing when 
they have Jx?en exposed to too liigh a temperature during 
diffusion, or the*exhaustion carried too far, or if they are 
too acid, and the character of the beets also is of influenge. 
The chips are passed through one of the forms»of Kluseman 
or Berggren mechanical press. ' This consists a cylinder 
of perforated metal, in which a revolving houow cone is 
-arranged, also perforated and fitted with ^'series of pro- 
jecting arms arranged in a spiral. The v'jt chips fed*in 
above are moved downwnrds by the arms to the narrowing 
space below and pr-^sseS, the water is thus pressed out, &nd 
flows ihr'^ugh the sieve waUs, and is collected, while the 
pressed pulp falls out by a narrow annular exit. The 
moistufo is thus reduced from ^4 to about 90 per ceiit^ 
or in sorfie of the more effective fcrms to .85 per cent. The 
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disposal of the water offers a tifeublesome problem^owing to 
its containing suspended matfbrs and ferments. The pre^d 
pulp forms a useful fodder and is used either fresh or after 
being stored in silo, where it alters by souring, and loses 
weight and nutrient matter amounting to 20 or 40 p/’- cent, 
of the fresh residue. This loss has led to rr&thods of drying 
th<?- pulp ^ither by the waste furnace gases or by steam* 
In dtyingviovens the chips are moved forward by stirring 
arms over several- stages in the same direction» as the 
gases, or they are passed through a revolving drum heated 
in the same way. Steam drying is effected in heated trays 
over which the chips are moved by scoops attached to heating 
pipes. The latter method, although riiore expensive, gives 
a better fodder. The moisture by drying is reduced to 
about 10 per cent., and the dried chips then represent 
about 6 per cent, otthe weight of the original beets. The 
lighter coloured chips produced by steam drying sell at a 
higher price thafi those of a darker hue, which often contain 
charred portions and are less digestible. The dried chips' 
keep well and, not being burdened with unnecessary water, 
are suitable for transport. 

Molasses Fodder. — ^The whole of the molasses made in 
the factory may be turned into fodder by running it In h 
‘thin stream on to the pressed chips before they are dried, 
and then passing the mixture through the oven, 'li^he feeding 
value of the carbohydrates, as well as the nitrogenous 
cqpstitucnts, is thus utilized. 

Purification of the Juice 

The various constituents of the beet juice do not diffuse 
equally, hence the proportion of solids in diffusion juic^ 
differs from that originally existing in the cells, and also 
from that in the sweet waters or retamed in the spent chips, 
It is found that in a juice containing 12^ to 14 per cent, of 
sugar about 97 ^er cent, of sugar, 65 ,of the salts, 2*5 of the 
albuminoids, and 90 per cent, of otht/ nitrogenous matters 
Jj^ye been extracted, so t}iat the diffusion juice k purer. 
“^Besides the soluble matters: diffusion juice always coht^ms a 
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considerable atnpunt of fibre and cell ^*agments. In order 
to free it as far as possible from this pulp the juice, on its 
way from the battery to the measuring tanks, is passed 
through one or more sieves in a closed vessel, the depulper. 
The rai^ juice ^hus obtained still contains fine* particles of 
fibje and cells Wjoich have passed through the pulp catcher, 
and micro-organisms and ferments as well as m^tte^ ilVe- 
cipitable by heat. These if left m would give rii e to acidi- 
fkation andfinversion of sugar, and the ra^ juice is a turbid, 
gre>> opaque, mifilterable liquid which, if boiled to sugar, 
would give a product of very unattractive appearance and 
produce much molasses. By the defecating action of lime 
and heat a consideral 5 le pbrt of the impurities is precipitated 
and the juice is converted into a bright pale yellow filterable 
liquid, but alkaline ‘from the action of the lime used. The 
excess of lime is removed by* carbonic^ acid in the process 
of carbonatation. • 

Defecation.— The purification of beet juice by treatment 
^with time was adopted *rom the method long previou^y in 
use for cane juice. As early as the seventeenth century 
wood ashes, lime, or alum had been used for this purpose in 
America. When the cane juice was heated to coagulate 
the aibuniinSds its natural acidity would cause inversion 
of the sugar unless it was previously neutralized, and lime* 
was foun(4 to be better than wood ashes for this purpose, 
since it produced precipitates with oxalic, malic, and citric 
acids present which were insoluble, especially in hot; jujee. , 
Achard, however, in his early attempts to mantifacture 
sugar from beet juice used dilute sulphuric Tcid to effect 
defecation. The risk of inversion from excess of acidity 
soon led to the use of lime as a safer reagent. The quantity^ 
used then w.*s very small, being only attvUt 0*5 per cent, 
instead of the 3*5 per c^nt. used at prese nt. This was added 
in the form of of lime to the jmee at^ 70° C., and the 
tempers lure wa« slowly Raised until the impurities separated 
as a scum and formed a head on the surface, fro 51 which the 
clear J\ace below was drawn of. Frequently this am«out,< 
of Hm# was found to be insufficient to clarify the juice?^ 
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especially if spoilt ^Ipeets were^used, and n;iore lidle Lai to 
be added to cause the precipitate to separate, so that the 
juice when drawn off was alkaline, containing sucrate of . 
lime and therefore difficult to boil and crystallize. To 
remove th^ excess of alkalinity dilute sulnhuric ^'^id was 
added, until the juice was only faintly ai^xaUne to litpius. 
KMlij^maim of lyille, in 1833, proposed the use of carbonic 
acid fo nWtralize and remove lime, and Rousseau, in 1848, 
adopted the method, preparing the gas by passing ffir ovc^r 
a coke fire, and passing it through the clear defecatedofuice 
until it was nearly completely saturated. The correct 
point was determined by taking a sample in a spoon and 
observing if the -precipitate of catciuih carbonate separated 
readily ; subsequently turmeric was used to decide the 
proper degree of neutralization. The flight residual alkali- 
nity was removed by passing«-the juice over animal charcoal. 
Th^ defecating action of lime on the juice is partly chemical 
and partly met-'hanical. The solubility of lime in water is 
0’i2 gramme per 100 c.c., while a 10 per cent, sugar solution 
dissolves 1*5 grammes, so that' the whole of the reagent 
used would be present as monosucrate or bisucrate of lime. 
This begins to form insoluble trisucrate of lime at 86'’ C., 
and the precipitation is complete at 100° C. The formation 
of this insoluble sucrate must be avoided, otherwise there 
would be a considerable loss of sugar in the /t:)recipitate 
which would form along with the other impurities. The 
li;ne ^neutralizes the acidity of the juice, forms insoluble 
precipitates with some of the organic’ and inorganic salts 
present, anS also with albuminoid and pectin substances ; 
these precipitates carry down with them the mechanically 
suspended impurities; altogether about one-third of th^ 
noil-sugars are removed. The lime also acts on invert 
tSugar and amino- compounds, converting them into other 
soltible compounds less harmful in the succeeding operations. 

Single and bouble Carbonatation.—While occasionally 
the juice that has been merely defecated with lime is decanted 
jqT Altered and carbonated almost to neutrahty before being 
'used in the factory (single carbonatation), it is ilo\v^ the 
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general pfl'actioe, to carbonate the tm'Did juice without 
previous separation of the plbcipitate, as was done by 
Possoz in 1859, Jelinek in 1864. . 

By this means it* is possible to use a larger quantity of 
lime foe defecation and obtain a better purification. From 
2 tq 3*5 per ceiL. of hnie is used. Too small a quantity 
does not give scums that filter easily after carbojatatioa ; 
larger amounts are required when decayed or fxost-llntten 
l?^ets are used. Excessive amounts are not ^nly unnecessarily 
expL..sive, but the clearer juices obtained are not in pro- 
])ortion to the extra work entailed, and the larger bulk of 
scums leads to loss of sugar. 

If the lime is addfd ift lumps a separate defecating pan 
is required, provided with stirring gear, heating coils, and a 
grid ^11 which the lime rests while it slakes. When the 
pan is sufficiently full the juioe is heated to about 80° C., 
a weighed quantity of lime is added, and the stirring gear 
started. The lime slakes in a few minutes, a^d is distributed 
''throughout the juice, wl jh is then run oil into the saturator. 

If milk of lime is used, it» is usually made to 20° Be. for 
convenience of measuring, and the defecation does not 
ncc^f a separate vessel, but is carried out in the carbonata- 
tion tank. Defecation may be made continuous by running 
ill raw juice below, adding milk of hire at a regular rate,* 
and having the tank large enough to allow of the overflow 
juice being sufficiently limed. 

The first carbonatation is then commenced. At ^e 
start the major portion of the lime b in* suspension, the 
filtered juice shows an alkalinity of 0*3 of Ca 0 *“per 1,00 c.c., 
but as the carbonic acid gas is passed in, and the dissolved 
.lime is precipitated as carbonate, fresh lime dissolves, and 
the alkahnity is quickly reduced to a certain point wHere 
it remains almost stationary. This point corresponds tq the 
formation of the 'fiscous hydro-sucro-carbonate’ of lime of 
Bohiu rnd Eoiseau, called “ cheese " by th# workmen. This 
gelatinous compound, C12H22O11 . 3CaO.Ca(OH)2 contains 
sugar the insoluble condition, Jbut is gradually decompos^^ 
by heaft* and carbonic acid, andithe alkalinity again falls 
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about o’l gramme, lOf CaO per'ioo c.c. wliep carbcmatation is 
stopped. A sample withdrawn from the tank ought then 
tp show a granular precipitate, which separates and settles 
rapidly and indicates that filtration will proceed- easily. 
Any of the gelatinous compound left undecompo^ would 
result both in a loss of sugar and difficult filK ation. Cartpna- 
tr.tion may be made continuous by running in the juice. at 
the Ibottdiin of one tank along with carbonic acid ; these mix 
as the liquid rises, and then overflow to the ' bottom oFa 
second tank wnere the partly carbonated juice meets a s€t:ond 
supply of gas. I^ss of the gelatinous precipitate is formed, 
and with good lime for defecation the method works well, 
but in other carfjs it often gives rise tb irregularities. After 
carbonatation the juice is run into a collecting and mixing 
tank, and is then passed tb the filter presk's, sometimes heated 
on its way by heaters to facilitate filtration. The point at 
which the first carbonatation is interrupted, indicated by 
the' rapid settling of the precipitate and the consequent 
easy filtration of the juice, is readily determined by aii 
experienced workman, but to 'evoid any chance of error, 
and to keep the operation under strict chemical control, it 
is preferable to supplement the test by titrating a filtered 
sample of the juice to determine its alkalinity to phenoi- 
■ phthalein. The actual percentage of CaO allowed in the 
carbonated juice depends on the character of ^ the beets 
worked during the season, and is usually fixed at about 
0*10 per cent. The juice therefore still contains a consider- 
able amount of ‘lime in solution. Had ‘the gas been passed 
through to complete neutrality before removing the precipi- 
tate, a portion of the precipitated impurities, which only 
remain insoluble in presence of lime, would have been re^ 
dissolved and the juice have acquired a darker colour. 
Such juice is said to be over-saturated. 

'The dear filtered juice from the first carbonatation is 
heated to abou^i 95° C., and s^ain saturated with carbonic 
ctdd. In many factories o*i to 0*2 per cent, of lime is added 
as milk of lime to the ^hot juice before thisp»‘3econd 
* 3 irbonatation in order t^ obtain a further purification. 
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Saturation* is continued until* the juice ^cn titration shows 
an alkalinity of 0*04 to 0*05. ^here is then no free Ume 
.or sucrate left in solution, the residual alkalinity being du« 
to alkalis, ammonia, and oi^anic bases. The saturation 
pans ar^^rpund or rectangular closed vessels of wrought iron, 
mad^ as high as pv^ssible to allow for frothing. The height 
is from. 16 to 18 feet, and the other dimensions are furaijged 
to suit the volume of juice treated, which occupies a little 
ow a third Of the height. The juice is ^drnitted below. 
There is also a wide pipe for introducing the carbonic acid, 
which is distributed below by a perforated pipe or coil, the 
perforations being directed downwafds to avoid obstruction 
due to incrustation by*the*lime. The more completely the 
gas is sub-divided, and the smaller the bubbles, the better 
is the carbonic acid absorbed and the quicker the satiuation. 
The unused gases cscajxj into the open ^r through a pipe 
at the top, passing through the roof. A smaller pipe intr^)- 
duces steam used both for heating, by a coil below, and for 
breaking the froth, by jeu. in ^the upper part of the tank. 

Sulphiting. — Sulpliurous* acid combines with lime to 
form calcium sulphite which, like the carbonate, is insoluble 
in alkaUne solutions. It likewise decolorizes the juice, 
while carbonic acid always leaves the fully saturated juice 
darker. The second carbonatation juice, after being filter- 
pressed, is i^ maqy factories treated with sulphurous acid 
gas or a mixture of this and carbonic acid, but this treatment 
is generally considered to be superfluous, since the decolori-. 
zation produced by sulphurous acid only occurs when 
neutralization is carried very far and there is thTii a risk of 
the faintly alkaline juice becoming acid during concentration, 
when inversion would take place and loss of sugar ensue^ 
It is preferable to apply the sulphurous acid to the partially 
evaporated or thick juice^ The only advantage it ^ems to 
offer is that it niu v decompose calcium saljs of organic 
adds that are not attacked by carbonic add, and it is held ^ 
by some that sulphited juices boil more freely. 

FiltrtfSon.— The earliest methods of filtering off carbouar 
tatioa scd&s was by means of doAis stretahed on frajnes, 
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but the process slow, ani there was a great loss of sugar 
from the large quantity of^^juice retained in the scums. Bag 
-filters were then used, from which a part of the juice could 
be pressed out. A great improvement was made by the 
introduction of the filter press originally devised by JTeedham, 
in 1828, for removing water from clay puddle in the porcelain 
'\n?nufgcture. A press of this kind, shown at the Inter- 
national Exhibition in 1862, led to its adoption at the 
Seelowitz factdty of J. Robert, where in the’ form, modified 
to suit the purpose it contributed towards the sucivfess of 
the diffusion process. The first and second carbonatation 
juices are pumped thro'ugh filter presses at a pressure which 
is allowed to ’rise gradually to 4*0 or 45 lbs. per square inch. 
By this means firm spongy cakes arc obtained, which fill 
the chambers of the press, and which arc easily washed, 
and separate frdm the ctoths when the press is opened. 
Too sudden a pressure at the start is liable to choke the 
pores of the cloth and impede filtration. The presses of the 
second carbonatation naturally filter more easily and run a 
longer time than those of tlie first carbonatation which give 
a much more impure deposit. The juice is always submitted 
to a third and final filtration before it is sent to the evapo- 
rators. Filter presses may be used for this puqiosc, but 
the juice is then not pumped but run in by gravity from a 
tank, giving only a few feet head of pressure. ^ In the tank 
the juice is kept boiling hot to ensure the complete deposition 
^of^^carbonate of lime, the last portions of which separate 
slowly. Instead of filter presses for l!he third filtration some 
form of mechanical filter is used with a large filtering surface. 
These are formed of bags stretched over open frames or 
gauze and suspended in the filter tank. Filtration proc^ds 
from the outside to the inside of the bag, the filtered juice 
issuing through a pipe over which the ipouth of the bag is 
tightly secured and which is open l^low to the inside of 
bag. These filters are worked under a slight pressure only, 
as too great a force would drive the fine partides of precipi- 
tate through the pores cf the doth. Various foMfls of sand 
filter are also used as nifechanical filters and prov 4 elective. 
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Treatmtnt of Scums. — ^Tlie press ca^js contain about 
50 per cent, or more of juice and therefore 6 or 7 per cent, 
of sugar, most of which must be recovered. By washing the* 
cakes with water at 30 to 40 lbs. pressure the sugar may be 
completely," j-emoved, but to avoid excessive dilution of the 
juice the sweetening off is stopped earlier, leaving i to 2 per 
cent of sugar in the washed cake, i per cent, of lime wjjl, 
therefore, give 3-5 to 4 per cent, of washed cake containing 
5o^er cent. of*water. The solids consist, be'feides the small 
amoutiL of sugar, of calcium carbonate with the impurities 
removed from the beet juice and those in the lime used. The 
organic matters in the cake form aboTit 6 or 7 per cent., the 
greater part of the albuiftinofds being removed. Phosphoric 
and sulphuric acid originally present in the juice are removed 
as insoluble calcium salts. The waslied cake is of value for 
agricultural pur|)ost'S since it c'jntains alt the phosphoric 
acid and part of the* nitrogen of the beets. When 2*5 pg: 
cent, of lime has been used for defecation, ioo*of beetroots 
>ield about 12 of washed .ss cake from the two carbonata- 
tiolis, or 84 of cake to lou of sugar from beetroots containing 
14 per cent, of sugar. Sometimes the cakes obtained are 
soft and smeary, and do not fill the chambers of the press, in 
winch case filtration and washing are slow and difficult. 
Attention should then be directed to see that saturation is 
properly coiK^ucted^and that the temperature in the diffusion 
battery is not too high. When the trouble is due to unripe 
beetroots the only remedy is to change the cloths frequently. 

Lime Kilns. — ^I'he large quantity of lime required for 
defecation makes it economical for each factory To prepare 
the lime it requires by calcining limestone in kilns and using 
the, gases produced for carbonatation. The usual kiln is a^ 
shaft of wrought iron lined with fire-bricks and tapering 
slightly above and below, ^and at least 30 feet in height. It 
is supported on coluj is so as to leave a space ^below where 
the burnt lime collects and is withdrawn. The opening at 
the top is fitted with a funnel or bell through which supplies 
of limest( 51 e and fuel (coke or anthracite) are introduced* 
During wofE; the opening is closed by 4 cover so that the gases 
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may be drawn ok^hy a pump through a side piph ; when the 
pump is not working the gases ascend by an exhaust pipe 
•and escape into tlie atmosphere. The hmestone is com- 
pletely burnt to lime in the hottest zone, which is j ost above 
the widest part of the kiln where the limestone,'’ Jiefited in its 
descent by the ascending hot gases, atfives partly calcined 
' iivitSipassage, and as it descends below the hottest zone 
the glowing Hme is cooled by the incoming cold air before it 
drops underneath the kiln. The lime to be effectiV^ in 
defecation should be used as fresh as possible, and in burning 
care should be taken that the temperature of the kiln is not 
allowed to rise too high, otherwise the lime is dead burnt, 
has the appearance of porcelaiil and slakes very slowly, and 
leads to difficulties in carbonatation. This tendency is 
increased by the presence of siUca, alumina and iron,- so that 
limestone selected should be as free as possible from these 
impurities as well as from magnesia. A good limestone 
ought to cotiitain at least 97 per cent, of calcium carbonate. 

Carbon Dioxide.— The gas used for carbonating should ' 
be free from noxious constituents and contain at least 20 
to 25 per cent, of carbon dioxide, consequently boiler flue 
gases which contain only 10 to 15 per cent, are unsuitable 
for the purpose. The carbonic acid produced in the kiln is 
derived partly from the combustion of the coke fuel and 
partly from the decomposition of the lin^estone. Pure 
limestone burnt with 10 per cent, of pure carbon with air 
^ should give theoretically a gas mixture containing 47 per 
cent, of CO2 by volume. This result is never reached in 
practice T' because, to avoid the production of carbon 
monoxide, an excess of air is always used ; it is satisfactory 
^to reach 30 per cent. The quantity of coke fuel shoul^ be 
proportionate to the needs of the kiln ; too little does not 
give a sufficiently high temperatui;e and vnbumt lime results, 
while tke percent^e of carbon dioxide is low. Too much 
coke raises the heat unduly and likewise gives a gas poor in 
carbon dioxide and possibility of over-burnt lime. The 
•gases leaving the lain atcubout 450° C. are too ho^1:o be used 
directly ; they* are, therefore, passed through a washer to 
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cool theiQ a&d to ^ee them fro!n flue dust, .smoke, soot and 
tar wluch have been carried forv/hrd owing to the velocity 
v^ith which they have been drawn off. These impurities* 
would otherwise injure ‘the pump and also contaminate the 
juice. Ib the washer the gases entering below meet a 
cascade of cold wat^r flowing over a series of trays or over 
a mj^ss of coke, and issue cooled at the top to the pumj). 
Tl^ aiilount of water used must not be excessive, ance 
ca^nic acid is^tairly soluble in water. 

Suli^hur Burner.— -The sulphurous acid used for sul- 
phiting juices and syrups is generally obtained by burning 
sulphur in an iron vessel supplied with air either by com- 
pression or by suction, jJnd fitted with exit pipe lined with 
hard lead and cooled by a current of cold water in a jacket 
leading to a washer. Oquefied sulphur dioxide is employed 
only where the factory is situated so that* the question of 
freight renders this pc^ible. When a compressor is used tha 
air is dried by passing it over a layer of lim« or calcium 
chloride before it reaches :iie oven. The supply must be 
imder strict control, for if the \^olume is too great there is 
danger of extinguishing the flame. Another method of 
supplying the air is by drawing off the acid gas by means of 
a Kjoriing’s jet with steam ; this is under easy control, but 
the air drawn in is direct from the atmosphere and is moist. 

Evaporation 

With the final mechanical filtration the purification £>t 
the juice is completed, ahd it should then be quite bright and 
of a pale yellow colour or, when inferior beets are^orked, of 
a brownish tint. Its sugar content is lo to 12 per cent, and 
the total solids as indicated by the Brix hydrometer one ^ 
degree higher. Its further treatment for the- purpose of 
obtaining the sugar in crystals is carried out in two^ stages,* 
in the first of which, vaporation, the juice is goncentrated 
to a syiup‘ or thick juice of 50 to 60° Brix, in which 
no crystals are formed, and in the second, boiling, it is 
further cofKentrated to a crystallia5 mass containing 90 to> 
95 per ^jenf. of dry solids. The qtfantity of purified ^n 
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juice is greater j:han that the raw diffusion ^ juice owing 
to dilution by the additidn of the sweet water from press 
.washings and the water condensed from open steam used 
for heating. If lOO kilos of beets give no litres of raw 
diffusion juice the amount of thin juice obtained will reach 
125 litres. In order to concentrate thif^-juice at 12° !^rix to 
Brjx, 80 per cent, of the water must be evaporated, gr an 
ambunt equal to the weight of the original beetroots. In 
a medium-sized factory working 700 tons beets per May 
it is, therefore, necessary to evaporate over 150,000 ^gallons 
of water, and the importance of efficient plant for dealing 
economically with thife large quantity is so obvious and 
pressing that<^fforts at improvement* in evaporation have now 
attained a perfection reached in no other industry. Heating 
the juice in open pans bver a direct fire in the primitive days 
besides consuming an immense amount of fuel was destruc- 
tive of sugar owing to contact with excessively hot walls 
of the vessel, The gases produced by combustion gave up 
only a small part of their heat and escaped at a very high 
temperature, and the whole otthe latent heat of the vapour 
formed was lost. The use of steam for heating invented by 
Watt in 1780, boiling under reduced pressure on the principle 
of the vacuum pan invented by Howard in 1811, liiultiple 
evaporation with vacuum apparatus conceived by Rillieux 
in 1830, and the various types of film evaporators mark the 
principal steps in the economical utilization of heat for 
eflpcting evaporation. The boiling-point of water or of an 
aqueous soliition is lowered by reducing the pressure, or in 
other wofCcs, increasing the vacuum, under which it boils. 
Water at atmospheric pressure boils at 100° C. and gives off 
vapour at the same temperature ; under a vacuum corre- 
sponding to a pressure of 600 millimetres of mercury water 
.boils at 61 '6° C., so that steam^ at atjnospheric pressure, 
because*^ it is hotter, may serve to boil water under this vacuum. 
Thus if there are several vessels each under a higher vacuum 
than the preceding one, direct steam above the atmospheric 
^iressure in the first may; boil water in this, aud*^e vapour 
generated frouj it boil^water in the next and $6 op. This 



BEET SUGAR in 

applies to sugar solutions with tiie differenc • that the boiling- 
point of the juice is higher the denser th$ juice. Thus, the 
boiling-point of juice at io° Brix is o*i° higher than 
{hat of water, at 20 0*3 higher, at 50°, 1*8 higher, and 
at 60® Q., 3;5 degrees higher than that of water, whatever 
the pressui^. Not -piily must a greater difference in tempera- 
ture 6c maintained tc ensure boiling, but the greater viscosity^ 
of tile denser juice retards the transmission of heat^and 
rJSders the boUing slower ; the result, however, is that i kilo 
of di-T*ct steam used in the first vessel has been made to 
evaporate 2, 3 or 4 kilos of water ftom the jmee according 
to the number of vessels used in the series. This is the 
principle of multiple evaporation in which the juice partially 
concentrated in the first vessel of the multiple effect is led 
into the second where? , although denser, it is under a higher 
vacuum, and the boiling-point is so far lowered as to leave 
sufficient difference, of temperature between it and the 
vapour from the first vessel for boiling to go on. Similar 
relations hold between the second and third. 

The thick juice pumped from the last body of the 
multiple effect is no longer clear owing to the presence of a 
fine, flocculent precipitate formed during concentration, 
and ti^e colour is now dark yellow or brown. The darker 
colour as compared with thin juice is partly a consequence 
of concentration, but also due to the formation of brown 
colouring mfftters ( 5 wing to the action of the high temperature 
on sugar. The alkalinity has not increased in proportion^ 
to the concentration, the decrease being due bdth to volatili- 
zation of ammonia and to the decomposition oH'itrogonous 
non-sugars of alkaline reaction and combinatio:* with acids 
derived from the sugar. The residual alkalinity is still too 
hign for boiling and the thick juice is therefore sulphitecf 
It leaves the last body at 70® C., and is heated to 100® Q, 
saturated and filr^T'^d. •Filtration of the thick juice is 
someti.ac.; difficult, especially if highly concenftrated, and for 
this reason it is often preceded by sulphitation and filtration 
of the in^rmediate juice at 30® Brix, and again filtered on 
leaving the last body of the multiplfe effect. 
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Multiple Effect Evaporators.— Two forms of multiple 
effect evaporator are in use, vertical anS horizontal, each 
consisting of 3, 4 or more vessels, and forming a triple, , 
quadruple or quintuple effect. Each bod> of the, vertical 
form is a tall upright iron cylinder fitted with a, heating 
arrangement, the calandria, consisting o^a number of brass 
br^steel tubes, expanded above and ielow into the tube, 
platts. The juice circulates up war 'Is inside the tub^s and 
descends by a wide pipe in the centre. The space above l6e 
tubes is made as high as^possible to allow for the sproy to 
settle before the vapour passes on to heat the next body, 
otherwise a juice collector is pluced in the connecting pipe 
in which by means of baffles the va;pour is made to deposit 
the drops of juice. In the first bodies of the effect the danger 
of entrainment is slight because the -Vapour formed \s only 
under a slight vacuum and occupies but a small volum j, while 
the liquid is very fluid, and the velocit}’ ef the issuing vapour 
is not great., But in the next bodies the^yrup is more 
viscous and the vapour occupies four or nve times the 
volume, owing to the higher , vacuum, so that when the 
bubbles burst there is a far greater tendency to entrainment, 
and a juice collector is indispensable for the last body’ of the 
effect. The calandria is provided with a pipe for calrying 
off the water of condensation from the steam or vapour, 
and another entering flush with the upper tube plate to 
carry off incondensible gases and particularly ammonia 
Jropi the intertubular space of the c^dandria. This is more 
particularly necessary in the later bodies of the effect, where 
the ammoiffa from the vapour would otherwise corrode the 
brass tubes, The separate bodies are each provided with 
thermometer and v^uum gauges, with light glasses and 
grease cock for introducing oil or grease to keep down fr<^tb, 
and with the necessary valves and connections. The vapour 
from the last body of the effect after passing through the 
juice catcher and traversing a surface condenser reaches 
the air pump which removes the air and incondensible gases 
apd maintains a vacuipn of 600 mm. of m^ccury in 
the last effect.. This >fessel acts as a condenkr to the 
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previous wssel, and this* to the next, sc that a difference of 
about 20° C. is maintained between each vessel, sufficient 
to*keep up the boiling and concentration of the juice. , 
The horizontal form of multiple effect consists of elongated 
pans of^sot^iewhat lectangular section, the upper part being 
semicylindrical with the heating tubes placed as low 
dowff as possible ; the steam circulates through the tuboe 
and the juice is outside. The fittings are the same as tn the 
J^her form, there is no great height-K)f vapour space 

foi miixy to settle in, each vessel is surmounted by a juice 
catcher. As the juice becomes more concentrated, more or 
less j)rccipitate forms, and a portico of this adheres to the 
tubes as an incrustratior^ hindering the t^'ansmission of 
heat, so that the tubes require to be frequently cleaned. 
The incrustation is much more Cilsily removed from the 
inside’ of the tubes in the veitif;al apparatus than from the 
outside of the tut in the horizontal form, the tubes being 
less accessible. For this reason horizontal evaporators arc 
sometimes used for the thin juice and vertical ones for the 
thicker juice where the deposit is greater. The incrustation 
consists of carbonate and oxalate of lime with a portion of 
sulphite when the j uJee has been sulphited. There is also a 
X <^tah: amount of lime soap derived from the grease used to 
prevent foaming. The deposit is removed by boiling with a 
solution of I per cent, carbonate of soda and. then with 
I per cent. AydroCnloric acid. 

Bousing 

The filtered thick juice is collected in siipply 4 anks usually 
provided with floats to indicate the level of the juice, and is 
drawn off as required into the vacuum boiling pan. Boiling 
be regarded as a continuation of evaporetion, but diffefs 
b both method and aim ; while in evaporation the operatipn 
is continu us and produces a syrup free from grain ; in boiling, 
on the other hand, tAe operation is intermitteAt, each charge 
being worked up independently, and the object is to cause* 
the sugajr^to separate in crystals and to form these as unJfo|jn ^ 
in size a&’possible, so that they may be easily separated from 
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the motljer syrup. It is not possible, however, in one 
operation to bring the whole of the st^ar contained in 
solution in the juice to crystallization ; this can only be done 
gradually in several steps until there' is Tmally obtjained a* 
syrup, molasses, with still a high propbrtion of. sugar, but 
from which, owing to the quantity of noji-sugar present, no 
fuller crystallization of sugar is pcos bfle. 

"There are two methods adoT>ted for producing crystals 
from sugar solutions : (a) boiling to grain, m^hich the juice 
is so far concentrated in the pan that crystals appear^' and 
these are then made to grow by suitably conducting the 
boiling, and (6) boiling to string, proof, when a small sample 
of the thickened syrup is placed between the thumb and 
forefinger and these drawn apart forms a thread, adapted 
for syrups of low quality or for juices arising from a bad 
quality of beets ^ in this case the syrup is merely concen- 
trated at a high temperature in the pan, end then run out and 
brought to crystallization by cooling. The presence of non- 
sugars influences the crystallization, and when the proportion 
exceeds 20 parts in 100 of dry .solids, boiling to string proof 
is the only method generally available. 

Both methods of boiling depend on the proper regulation 
of the conditions of saturation and super-saturation. --A 
solution of pure sugar at a given temperature is saturated 
when it io in equilibrium with crystals of solid sugar, and 
neither dissolves sugar from the crystals nor deposits sugar 
nppn them in the crystalline form. .The solubility of pure 
sugar in water as determined by Herzfeld is given in the 
following tkble, which shows the number of grammes of 
sugar dissolved by 100 grammes of water at the corresponding 
temperatures : 

0® 10° 20° 30° 40° 50° Go® 70® ‘ 80° 90® C. ^ 

, 179 I9I 204 220 238 260 287 320 3G2 416 

Thus, 462 grammes of a saturated solution at 80° C. when 
cooled to 40 degrees will deposit 362 *— 238 = 124 grammes of 
sugar. When a saturated solution is cooled, however 
slightly, it becomes supef-saturated, so also if some of the 
water is evaporated whilfe the temperature remain^ constant 
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* * ' 
and the super-saturated solution crystaDtzes moxe or less 

rapidly dependent on the degree of the super-saturation 

^d on the purity of the solution. For the speedy deposition 

of sugar^ on crystals ‘already formed only a slight super- 

saturation is required ; if it becomes too great the increased 

viscosity oJ the solution impedes circulation, and there is a 

.tendency to the fori ration of a crop of. small crystals, f^af 

grain, they are called. 

^ The Vacuum Pan. — Boiling under reduced pressure and, 
thei.,fore, at a lower temperature, becomes of greater 
importance with the more concentrated syrup required for 
crystallization, because the high bimperature at which it 
boils can more readily chuse^destruction of sug^ir by carameli- 
zation, and especially in the presence of free alkali. Pro- 
longed subjection heat in the pan Is also injurious, and an 
endeavour is made to complete the boiling in as short a time 
as possible by inoceasing th'^ difference in temperature 
between the juice and the heating steam both^by increasing 
the vacuum and by raising the pressure of steam in the coils. 
This period, however, is Iknited by the rate at which 
crystallization can go on increasing the size of the crystals 
alreadj^ formed without the production of a fresh crop. 

* Srhall spherical copper vacuum pans are now used only 
in smaller factories, and are superseded by larger cylindrical 
pans of cast iron which are more easily constructed and lend 
themselves Axore 'readily to lagging with non-conducting 
material to prevent loss of heat. These have generally Jhe. , 
same form and consti action as the bodies o{ the multiple 
effect with the modifications e^ntial to allow of the free 
circulation of the viscous and pasty final product, the masse- 
cuite. The outlet valve is large, and there is a cock for 
f\tei^ning out rny masses of st^ar left behind when the 
pan is emptied. There are three or more large copper 
heating cons which c?,n be worked separately or in v-ombina^ 
tion accofding as the' contents of the pan increase in height 
during the boiling. If the calandna form of heating ajrrange- 
ment is ^opted the tubes are n^de wider and shorter to. 
allow Jor^Hrculation of the massecuite, and with a much 
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wider tube in the /centre. In the horizontal fornt of pan the 
tubes are arranged in rows*vertically over one another with 
wide spaces between. 

Boiling to Grain.— It is only juice oi high pt^ity that 
can be readily boiled to grain ; juices of lower* quality are 
sometimes enriched by melting with them the unsajeable 
^iue-grained dark sugars from low pr )Sicts. A quantity of. 
juice^’is drawn into the pan sufficient to cover theloWer cqiI 
and concentraffed to string proof. By th^ ••length of the 
thread formed when a drop of the syrup is drawn out between 
the finger and thumb it is described as weak or strong proof. 
For graining thick juide the proof should be rather light. 
Small quantities of juice are tlien dfrawn in suddenly, and 
owing to the cooling and agitation which ensue crystals are 
formed in the syrup. Samples are drawn by the proof stick 
and spread on a ‘glass plate, and from the appearance it is 
j,udgcd whether a sufficient number of^ crystals have been 
formed. If §o, a larger quantity of juice is drawn in to 
lower the super-saturation, and this procedure is Repeated 
as often as the proof shows the need for further supplies. 
As the grain increases in size the panman watches the samples 
to see that the surrounding syrup is clear and free frodi small 
false grain. The indications of the thermometer and vheufim 
gauge are also noted for guidance, as also the splashes on 
the sight* glasses. The volume of the juice in the pan 
increases, and as each coil becomes covered, steafii is admitted 
to Jt, and boiling is continued imtil grain of the desired size 
is reached. Por raw sugar a coarse. Sharp grain is desirable, 
but for suglfr that is to go into consumption direct the grain 
should be fine. I,arge grain is obtained by boiling quietly 
and drawing in large drmks of juice at long intervals during 
which the crystals grow ; liner grain is produced by /lore 
vigorous boiling and frequent small supplies of fresh juice. 
The end of the boiling is indicatecl by the condition of the 
massecuite, which should show a large quantity bf crystals 
and only a small quantity of syrup from which the crystals 
separate distinctly. Th^ massecuite as dropped^tfrom the 
pan should be quite stiff, but crumbly. The timh oi^ boilii^ 
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a charge is from 6 to 8 hours, and when syrups trom a previous 
operation are drawn into the pan'at the end, the boiling may 
proceed for another hour or two. Boiling does not always 
proceed ^normally. Occasionally a quantity of thick froth 
forms as sqOn as the juice begins to boil, and there is danger 
of th^ whole masj:' boiling over. This is to some extent 
•overcome^by boiling at a lower vacuum and higher tempesa- 
t^re, aiid by the introduction of grease into the pan. *The 
cause is jDften to be traced to imperfect filtration, or the use 
of an insufficient amount of lime and faulty defecation. 
Wlien bad or decayed beetroots have been worked the juice 
often boils badly and almost ceased as soon as a certain 
concentration is rcachecl, tlfe contents of the pan remaining 
motionless like melted fat. The pain forms only with 
difficulty and grows sloWly, and the transmission of heat into 
the thick mass is so small that cc . amelizatidn ensues, and the 
juice becomes dark •brown, v^low a^ad difficult boiling hq^ 
also been attributed to presence of alkali and tq calcium salts 
of arabijc acid. The remedy i^ either to boil merely to string 
jVroof or to neutralize with sulphurous or phosphoric acid. 

Control of the Boiling. — ^The conduct of the boiling 
operation is in the hands of an experienced panman who has 
served an apprenticeship and has learnt from the appearance 
of the mass how to regulate the super-saturation and the 
consequent course^ of formation and growth of the crystals. 
Boiling to grain was for long considered an art and beyond 
the control of science.* In recent years, however, sev^yal,. 
forms of apparatus have been introduced to secure this 
control, among which may be mentioned the Ib^asmoscope 
of Curin and the apparatus of Claassen. These are slide rule 
arrangements by which the temperature of the boiling mass 
‘.n the pan and the vacuum give the percentage of sugar or 
degrees Brixof thf^ syruj^ and tliis, in conjunction with the 
degree Brix of a sf. prated solution of sugar at the same 
temperature, shows whether the syrup in the pan is or is not 
saturated or super-saturated. Moreover, it is possible to 
express ♦he degree of super-saturation as shown by Claasse». 
If the , ratio of st^gar to water in a saturated solution be 
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denoted by S,<and the ratio for the syrup- in the pan at the 
same temperature be then SVS represents the degree of 
super-saturation if SHs greater than S. For graining thick 
juice the concentration is carried out until this ratio is r 2 to 
I ‘3, and after the grain is formed, the super-saturation is 
reduced to 1*05. With lower-class />roducts the. ratio 
Requires to be somewhat higher, and iu a&y case, if records are - 
kept'bf the course of a well-boiled pan, the operation"can J>e 
safely repeated with the aid of the indicators, preserving the 
same ratios at the different stages of boiling, and thus 
avoiding errors of personal judgment. The apparatus, 
however, only affords^ reliable indications provided the 
contents of thfe'pan actually boil.^ 

Treatmei^t of the Massecuite 
When the maSSecuite is discharged from the pan it is at a 
temperature of about 80° C., and the ‘syrup is somewhat 
strongly super-saturated, so that if the crystals were separated 
at once the syrup would carry, off an undue amount of sugar 
into the lower product. If the mass is allowed to cool 
quickly the super-saturation increases so much that a crop 
of very small crystals is formed which pass off with the 
syrup from the centrifugal machine, being too fine to fee 
retained. To secure this sugar in the first product it is, 
therefore, Mecessary to moderate the rate of cooling and to 
lessen the super-saturation by the periodical adition of 
somewhat diluted syrup from a previous operation, or even 
^’''ter, as the temperature falls. By this means the viscosity 
'uper-s 3 turation are kept low enough for the sugar to 
eposit .jjj crystals already present, and this result is 
^ssisted by keeping the whole mass in slow movement until 
^ temperas kas fallen to about 50° C. Itis not advisable 
e cool Wow this temperature, otherwise the mass would 
come too spt and not possess the iiecessary mobility to 
enable it to rise in the centrifugal machine and form a 
um orm layer. The ^vhole contents of the pan are let down 
im.0 a crystallizer which\ is either a closed horizontaS'eylinder 
or a large open,trougli pi.tovided with stirring arins\with a 
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revolution ‘in on® or two minutes. Tiie crystallizers are 
often jacketed so that they be heated with steam or 
hot water, or cooled with water during the 12 to 24 hours 
of crystallizing and cooling! The cooled massecuite may be 
drawn off ^ in bogies running on an overhead rail, and each 
carrjiing 2 to 5 cv sufficient for one centrifugal machine, 
or it is ^ssed along -a gutter with a screw conveyor, -t Frpifi 
the latter each machine draws its charge. 

Centrifugal Treatment of the First Massecuite.— As 
soon as the drum of the centrifugal is set in motion, and 
while it is getting up speed, the massecuite is run in. The 
whole mass as it falls is gradually 1:hrown against the wall 
of the basket and rises* to form a imiform luj er. The sugar 
crystals are retained, ^while as the speed increases the liquid 
syrup* passes off through the holes or slits in the metallic 
cloth of the basket^ and strikes .gainst thd wall of the outer 
casing, from which !t trickles down to the gutter, and is nip 
off as first product drainings. The centrifugal is run as 
long as. syrup comes away, but it is not possible to remove the 
whole of the syrup in this Vay, a thin, strongly adherent 
layer remaining on t^ie crystals. This may amount to some 
10 per cent., dependent on the character of the grain. The 
raw sugar obtained has a net rendement of 88 to 92 per cent. 
When sugar is required for direct consumption it is necessary 
to remove the greater part of the remaining adhftrent syrup 
which gives to beetroot sugar its unpleasant taste. This is 
possible when juice of &high degree of purity hgis been worked - 
and when the defecation has been carefully carried out. 
After the first drainings syrup has been remeSved as far as 
possible in the centrifugal, the sugar is washed with water, 
steam or with a saturated solution of pure sugar, which are 
introduced while the drum of the centrifugal is still in motion. 
The washing removes mq^t of the remaining syrup and yields 
a white sugar, buc if cannot be regarded as ^ refined sv^ar 
which must have undergone solution and purification. The^ 
syrup from this operation is, of course, richer than the §reen, 
mother S^yup first spun off, and i^retumed to be boiled withi 
the thjidf juice. 
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Crystallization in Motion of the Second Mas§ecuite.— * 

The green syrup runnings frbm the raw sugar were formerly 
boiled to string proof and the concentrated syrup left at rest 
in shallow iron tanks holding several , tons each.^ After 
remaining for some days the whole became a nl^ss of fine 
crystals and syrup, or a deposit of fair-;9ized crystals with 
a'layer of syrup above. The cold mass was dug out, psjsscd 
through a pug mill to make it uniform and mobile, and^ 
dried in the centrifugal. The syrup draining^ were .treated 
in a similar manner to give a third-product sugar and 
molasses, but required a few months for crystallization to be 
complete, and the tank looms had to be kept warm during 
all this period to render the rate o*f cooling slow. The third- 
product sugar was frequently so dark and sticky as to be 
unsaleable, and had to t)e re-mclted and worked with the 
raw juice. More Recently the centrifugal syrups from, the 
fiu^it product are boiled to grain and tht massecuite intro- 
duced into ciystallizers and kept in motion as already 
mentioned under first-product treatment. Owing to the 
accumulation of non-sugars in the syrup the grain is more 
difficult to form in this case and slow in appearing, but it is 
always possible to grain the syrups unless they are too impure. 
After grain is formed it is built up gradually into crystals 
during a boiling lasting 1 8 to 24 hours, when the pan is then 
full. It is^An advantage if the pan is provided with stirring 
gear, the rotating arms of which are arranged above and 
•^eloiv the calapdria. The massecuite® is then let down into 
the crystallizer and kept stirred for 4* or 5 days, while the 
temperature is allowed to fall from 90° to about 40° C. 
Syrup or water is added from time to time as may be required 
to keep the mother syrup from becoming too highly super- 
saturated, lest false grain should be formed. * At the endf^of 
this time the mass may be cent^ifugalised direct. The 
syrup ruiiningg constitute molasses, ^^lother and earlier 
method of maintaining the proper degree of super-saturation 
was to raise the temperature a few degrees as soon as that 
cof t the massecuite had fallen about 10°, and t& repeat 
the warming for teach similar fall, by passing steahi pr hot 
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water throtigh tli« jacket of the crystallize^. Crystalliza- 
tiou in motion not only gives st|gars of better quality and 
higher yield than were obtained by the older method, but 
the secoi^d product is 'obtained within a few days after the 
end of the •campaign instead of the months required by 
cryst^ization in t^r^ks and the expense of keeping the rooms 
•warm all this time. . 

Molasses.—Factory beetroot molasses has an unpleSsant 
saline taste and disagreeable odour, and fof this reason is 
unht for human consumption, and the attempts made to 
convert it into a table syrup have not met with success. 
Molasses represents the last syrup* runnings of the sugar 
manufacture from which nd further crystalli..cition of sugar 
can be effected, although it still contains about 50 per cent, 
of sucrose. The uncrystallizability of this large amount of 
sugai; is partly accounted for by ' 4 ie excessive viscosity of the 
concentrated syrup •but mainly by ^hc mutual solubility qf 
the sugar and non-sugar. The average compgsition of beet 
molasses is : sugar 50, ash 10^ organic matters 20, water 20 
ikr cent. Owing to the large proportion of ash present, 
chiefly salts of potaslp wdieii used for feeding cattle, it must 
be given in strictly limited rations, otherwise, by its laxative 
properties, it is liable to cause scouring, but within these 
limits it proves to be a highly beneficial fodder, shown by 
the glossy coat of the animals an indication of health. In 
order to avoid the inconvenience attending the measuring 
out and diluting of this -viscous material on the farm, molars 
is now made up into fiiolasses fodders by absorbing it with 
peat, bran, chopped straw, etc., which are tu a suitable 
condition for transport and for distribution, i^arge quanti- 
ties of molasses are also utilized in distilleries for fermenta- 
tion to alcohui for the production of silent spirit. The 
iermentation pron^sscs for the production of acetone described 
and patented by }':rnbach and others led to experiments 
in the United Slates to develop a process for fermenting 
molasses to produce acetone wliich yielded largely ethyl* 
alcohol tijs a by-product and siu^iller quantities of projjyl 
and alcohols. By this means the, fermentation in 
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50 to 60 hours.^aye a yield of 8 to 8*5 pe» cent. 6f the sugar 
as acetone and 20 to 21 pet cent, of alcohol. 

Another interesting development of the fermentation of 
molasses is the production of glycerine, an account of which 
is given by Arthur R. Ling. Inedible Porto Rico “ black 
strap ” molasses is fermented by a sp^ial yeast at 30° to 
32° C., with the addition of sodium carl^onate in po,rtions up 
to a total of 5 per cent. When sufficient carbonate has bee;^ 
added the evolution of gas ceases, a copious precijiitate 
forms, and the yeast lies dormant for a while. The pre- 
cipitate eventually disappears and fermentation again 
proceeds. It is essential for the precipitate to form and for 
the yeast to lie dormant. The dlcoliol produced covers the 
cost of the process, so that the glycerine is obtained for 
nothing. One cwt. of black strap gives 5 '5 to 6 lbs. of glycerine. 
From 25 to 30 per cent, of sugar in the mash is converted into 
glycerine and 3 per cent, left unfermented. The presence of 
ammonium chloride favours production of glycerine. Five 
days are required for fermentation to be completed. In 
Germany sodium sulphite was "used as alkaline substance. 

Recovery of vSugar from Moeasses 

When for fiscal or other reasons it is not profitable to 
send mola&r;es to the distillery for the production of spirit, 
it is treated by one or other of the processes for tlie extraction 
pf ^gar. 

Osmose Process. — By the process invented by Diibrun- 
faut, ip i863,*the more readily diffusible salts of molasses are 
separated by osmosis throt^h parchment paper from the 
less readily diffusible sugar. A series of sheets of parchment 
paper are arranged as in a filter press, and water dnd 
mplasses are passed through alternate chambers of the^ 
osmose apparatus. The relative rates of flow of water and 
of molasses are so regulated that the osmose water does not 
bontain more than i per cent, of sugar, while the purity of 
iholasses is increased ^om about 60 to 70 per fluent., so 
lliiat a crop of sugpr may be obtained from it by boiling^in the 
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vacuum peta. Th^ osmose water may bt as a fertiliser, 
buf is often sent to the distilleryf 

Elution Process. — ^The elution process introduced by 
Scheiblej, in 1865, ^nd subsequently modified by others, 
consisted im forming tri-calcium sucrate and washing the 
precipitate with per cent, alcohol. The alcohol in the 
sucrate and washiif^s was recovered by distillation. TUfe 
Jpss ol^gar was small and the purity of the saturated sflcrate 
high, bpt the*< 5 ost of the outlay and the difngcr of working 
the large quantities of alcohol required led to the abandon- 
ment of the process. 

Substitution Process. — In this process, due to Steffen, 
a very dilute molasses^is sliturated in the cold with lime to 
form mono-calcium sucrate, which is soluble in water. The 
solution is heated to boiling, when tri-calcium sucrate pre- 
cipitates and two-thirds of Uie ugar is seffree in the liquor. 
The tri-calcium sucf ate is filtered off and washed with boiliqg 
water, which does not decompose it. The filti;^te is made up 
to 10 per cent, by the addition of fresh molasses and the 
process repeated on this substituted mother lye, a fraction 
of the filtrate being put aside at each operation to prevent 
the excessive accumulation of non-sugars in it. This part 
iS treated with lime, heated and filtered, and the filtrate 
utilized as fertilizer. 

Separation Process. — Steffen's separation process has 
displaced hfs substitution process. If a dilute solution of 
the mono-calcium suejate is cooled below 15° C. and fiqely 
powdered quicklime hdded gradually with agitation, the? 
whole of the sugar present is separated as a^recipitate of 
tri-calcium sucrate. The precipitate is separated in filter 
presses and washed with very cold water saturated with 
]irm. The puMty of the sucrate is over 96 and is used in the 
factory for defecation in place of lime. 

Strontia Proc^' s.-— The use of strontium compounds for 
tile desu^arization of molasses was patented in 1849 by 
Bubrunfaut and Beplay, but the process was not then 
adoptedt^ Scheibler worked out ^e conditions under which ^ 
the seyaiAtion of sugar by strontia is possible and patented 
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the processes. ^Id the older method crystals of 'strontium 
hydroxide, Sr (OH) 2, 8H2O, are added to a hot dilute 
solution of molasses until the solution is saturated, and it 
is then heated to boiling. The precipitate of di-strontium 
sucrate is only stable whilst hot ; on cooling, it decomposes 
with separation of sugar. It must, tli^refore, be filtered 
hbt and washed with boiling water, ^t'he washed sucrate 
is stitred to a cream in cold w^ater and crystals of thq 
hydroxide separate, leaving a nearly pure solution of sugar 
containing only a small quantity of strontium hydrojade. 
This is precipitated as carbonate by passing in a stream of 
carbon dioxide. In the 'newer process the sugar is precipi- 
tated as the mono-strontium sudate.' The molasses is run 
into a hot (75° C.) solution of strontium hydroxide. If the 
solution of mono-strontium sucrate thus formed were left 
to cool at rest, strontium hydroxide would crystallize put ; 
b^t if it is kept stirred and crystals o^ the mono-sucratc 
added, the whple of the sugar separates out as a cr5^stalline 
meal of mono-strontium sucrat^. This is separated from the 
lye by suction filters, filter presses, or in centrifugals, and 
washed with cold water. To obtain the pure sugar solution 
from it, the mono-sucrate is dissolved in hot water; on 
cooling, most of the strontium hydroxide crystallizes out, tlie 
solution can then be treated with carbon dioxide, filtered 
and worke^up into sugar. 

The strontia process is perhaps the most complete, but 
lalsq the most expensive of the desugarizing processes. 
About 200,000 tons of sugar were rec6vered by this process 
in Germany hi 1912-1913. 

The Preliminary Report of the Empire Sugar Supply 
(Technical) Committee was presented before a Conference 
at the annual meeting of the Society of Chemical Induaftry 
on July 16, 1919. The Report gives numerous statistical 
tables of the production and consumption of sugar through- 
out the world with particular reference to the supply and 
heeds of the British Empire. The sugar produced within 
jth^ Empire is chiefly deriyed from the cane, and while the 
consumption amounts to 6,250,000 tons, the total pVocUiction 
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within it falls shojt of tlds by about 2,5( 0,060 Ions. It was 
a matter of debate bow this deficiency could be supplied 
so as to make the production of sugar within the Empire self- 
supporting. Many speakers favoured India as the country 
which could fulfil this want most readily and suitably. The 
subject of* the establishment of a beet sugar industry in the 
. United Kingdom wa^ also cotisidered. Beets of sugar content 
^nd pWA-y equal to those produced on the continent tan be 
grown here, but there is still much to be kiarnt about the 
cultivation, and co-operation between the farmers and 
manufacturers will be necessary to ensure the supply of 
roots needed for success in work^ig a factory. There is 
little fear that growing betels will lessen the acreage under 
wheat and other cereals, and the residues will form useful 
food for cattle. Th<! ^world’s prodhetion of beetroot sugar 
in ipi 3 was 8,758,900 tons, or qb-gC per iCent. of the total 
production of cane<and beet logether, The cane production 
at the same time was 9,894,200 tons. 
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Sbctiqn III.-SUGAR REFIJNfING 


Sugar refining is restricted to tlie preparation from raw 
sugar of a clean, generally white sug^r fit for consumption in 
forms required to suit* th^» convenience and taste of the 
consumers. The more usual forms are loaf-sugar, cubes, 
ctystals, granulated, t?nd moist sugars of fine grain as white 
and yellow pieces. 

The residual moksses is either made into treacle or other 
table syrup as golden syrup, or sold to the distillery or useJ 
for mals^ing molasses fodder. 

■ Raw Sugars. — Raw beet.sugars are unsuitable for direct 
consumption owing to their nauseous taste, due to the 
presence of salts and organic non-sugars. Raw cane sugars, 
althodfeh often very impure, have a pleasant aromatic taste. 
They frequently contain numbers of living and dead acari 
(the sugar-itch “ insect ”) as well as crowds of* bacteria, 
moulds and*yeast!s and vegetable debris, and need to be 
refined ‘to obtain a whqlesome product. 

The whole of the ^ugar present in raw Sugars is not 
recoverable as such in the ordinary process o^ refining, the 
salts and organic matters rendering a portion of the sugar 
uncrystallizable, so that this remains in a final syrup product, 
refii^ry molasses. 

The raw sugary are valued on the net rendement, five 
times the^ ash (sails) being subtracted from the po?arization 
on the assumption \hat so much sugar is rendered un- 
crystallizable thereby. A deduction is also made for 
redudng^jsugars present The price of raw beet st^iTrsJs 
fixe^ 0 ^ ••basis of 88 per cent, net, with, a valuation for 
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variations abcVe’ and below thSs. Second quality beet 
sugars are classed as 75 per cent. net. 

, Affiliation,— Raw sugars were formerly melted direct/and 
preference was given to sugars of good grain and of a clear, 
pale colour. The liquor then contained all the non-sugar of 
the raw. It is now usual to wash the raw sugars whereby 
the greater part of the molasses adhej-ing to the crystals is 
removed and the non-sugars contained in it also pa«e-off in|o 
this affination Gyrup. The sugar is mixed to a mash with 
hot syrup ftom a previous operation, and the mass is spun 
in the centrifugal machine. The washed sugar is melted, 
while the syrup is bojled to obtain a crop of sugar and 
molasses. R^w beet sugars of .good sharp grain are some- 
times subjected to a systematic washing in tanks by a series 
of syrups of graduated 'purity so as < 0 obtain finally a more 
or less white sugar. This. process, due to Steffen, although 
known previously, is used abroad. Soft-grained, smeary 
'sugars unsuitable for washing in this way arc, according to 
Langen, heated in a vacuum pan to melt the fine grain and 
the mass then subjected to crystallization in motion in a 
Bock apparatus, after which the sugar is in a condition for 
the Steffen washing process. 

Melting. — The washed sugar from the centrifugals * is 
dissolved or melted in a pan (blow-up) provided with 
stirring gc^ar and heated by steam to 90° C. until the liquor 
attains a density of Brix. • 

When raw unwashed sugars were melted defecants were 
often employ^id at this stage to aid in the separation of the 
colouring ny^tters and other impurities, and especially to 
facilitate filtration, and with washed sugars a little milk of 
lime is frequently added to secure a faint alkalinity of the 
liquor so that there may be no danger of inversion of jugar 
dqring subsequent operations. Cane sugars are much more 
difficult- to filter than beet, and the addition of porous and 
granular substances such as diatamite greatly assists 
filtration. 

Filtration,— When the liquor leaves the blow-.np it runs 
over a strainer of perforated meta! or wire to ijemove the 
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coarser suspended, impimties, and is tl H 'either pumped 
direct to filter presses or to a tank from wliich it flows at a 
few feet head of pressure through one of the various forms of 
pocket or bag filters, or in some cases through a sand filter. 
It is essenlial that a clear, bright liquor is obtained for passing 
to the char cisterns to be decoloiized. 

Filtration thr oug|i Animal Charcoal,— The char cistei;na 
a|e caSl- or wrought-iron cylinders 5 to 10 feet in dia^ieter 
and 15 to 20 f«et in height. The bottom is lightly conical 
and lias a perforated wooden false bottom covered with a 
sheet called the blanket to prevent the grains of char passing 
through with the liquor. The cisterns each hold 10 to 40 tons 
of char. The liquor wAich^ias passed throiu>^h the column 
of char of suitable grist issues practically colourless at first, 
but grp.dually become*' more colouibd after running some 
time. ^ The char absorbs a certain small amount of inorganic 
and organic non-sa^ars, but the decclorization is of most, 
importance. Dccolorization by char is evidently a surface 
action, and not chemical, for the absorbed colour can be 
removed from the char .treatment with alkali. The 
dccolorization is greater when the solutions are kept slightly 
acid, bht there is always the danger of inversion of sugar if 
th« li(fuor is allowed to become acid. The more solid and 
dense bones give the best char, which has a closeness and 
lasting quality, and does not easily wear to duct by the 
continual handling ’to which it is subjected. The cartilage 
of bones is rich in nijrogen, and permeating the whqje 
structure there is nitrogen throughout the efiar, and the 
high decolorizing power is often attributed to^ne nitrpgen 
present, so that attempts to manufacture arllhcial chars 
have been frequently made by soaking porous materials 
with gelatine or glue before carbonizing. Good char is of a 
deep, dull black colour and is highly porous. When dty* 
it contains 78 per cert, of balcium phosphate, 10 of taldum 
carboncitc,**8 to ic of darbon, and small quantities of soluble 
salts as well as calcium sulphate and sulphide, magnesium' 
phosphata and silica. It is hygroscopic, and is usually 'Sol j 
on a ba§isJC)f 8 per cent, of moisture. Whpn the char no 
o. 
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longer decolori'ises sufficiently it is washed with^hot water, 
drained, and removed to bt* passed through a series of pipes 
heated to incipient redness in a kiln. It is then said to be 
revivified. Char may be revivified a great many times 
before its decolorizing power deteriorates so far that it is 
considered to be useless. During the reburning absorbed 
organic matters are carbonized, and the carbon thus pro-, 
duce,d, which has little or no decolorizing power, iri’CGurse of 
time blocks up the pores. Weinrich has introduced a method 
of burning off this added, useless carbon by passing the 
char through an open rotating cylinder heated to a tempera- 
ture sufficient to burn off the added carbon without attacking 
the original cacbon of the char:- Tne decoloring power of 
the char is considerably improved by this treatment. 
Bussy found that when' char or char carbon was ignited with 
potassium carbonate and ‘4:he salt washed away, the de- 
colorizing power was increased about ten' times. Recently a 
number of vegetable decolorizing carbons have been pro- 
duced by heating sawdust oj- other cellulose material with 
lime, or with calcium, magnesium, or zinc chloride, and 
dissolving away the lime or salts. These have a much 
greater decolorizing power than char or char carbon, but 
owing to their high price, and the difficulty of manipulaiIion‘’as 
compared with the way in which char is worked, have not 
yet beconv» established in practice. 

Boiling to Grain. — ^The decolorized fine liquor collected 
frpm the char cisterns is boiled in tl^ vacuum pan, much as 
has been described under the boiliag of raw sugars, only 
that .the greatest care and attention is directed to secure a 
grain of uniform size without the presence of small grain 
or masses of coherent grains called rolled grain. When a 
larger-sized crystal is desired, part of the contents of ^ pan 
•i,s^ dropped and boiling resumed until tjie crystals present 
have attained the desired size. When the whole contents 
of the pan is ^discharged into a heater ft is kept stirred while 
portions are drawn off to separate the sugar from the mother 
syrup in the centrifugal machine. 

Drying thf^ Massecuite.— The magma of dsrystals and 
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syrup is span in centrifugal machine, ^<l,as soon as the 
bulk of the syrup has run off, wsrter is sprayed on the sugar 
in the machine, a small quantity of ultramarine or other 
suitable blue being added to the water to correct any slight 
tinge of yellow in the sugar. The syrup formed by this water 
by dissolving a little of the sugar is often collected separately, 
.The sugar is removed while still warm, and has a moisture 
(Sontent of i per cent, or less. It is then passed over sieves 
to reniqye any* unavoidable lumps which* are sometimes 
formed through sugar adliering to the steam coils. 

Granulated Sugar. — For granulated sugar the sieved 
sugar is passed through a slightly inolined revolving cylinder 
heated by an inner c>^ind<?r through wliicb steam passes, 
and provided with blades at its inner periphery which lift 
the sugar and allow it*ts) fall over the heated drum so that it 
leaver the granulator with a r-oisture content of 0*05 per 
cent, or less, after Vhich, when cooLd, it is weighed into;, 
bags. 

Cube Sugar. — The old-fashioned loaf sugar has now been 
almost entirely displaced •the production of cube sugar. 
The massecuite is filled into moulds consisting of a series of 
metal plates separated by a distance equal to a side of the 
Lilbe fo be produced. As soon as the mass has set a number 
of these moulds are arranged insid^^ the centrifugal machine 
and held in place by blocks of triangular section, and the 
whole is theA spun together. As soon as the mother syrup 
has ruii off, a quantity of a pure syrup — cleare — is poured 
in to displace the last jiortion of mother syrup. The moulds 
are then removed and the plates or slabs rf su^ar are placed 
in a hot room to dry and harden, the syrup Icf L oetween the 
crystals soUdifying and cementing the crystalline grains 
firnd^ together., The dried slabs are then placed on a cutting- 
machine, v^hen a ^ries of cuts are made which crack or out 
the plates inlo ihe forni*of cubes which roll ovt 'a screen 
to ah^w small bfbken pieces to fall througli. 

The- syrups from the boiling of granulated cubes and' 
crystals ere boiled again to give (jther crops of sugar, unjil 
finally the»syr^ip remains which constitutes r^gfinery molasses 
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and may be m^de either into a low quality table syrup or 
treacle. 

Preparation of Invert Sugar and SacchaiTim,“Any 

of the intermediate syrups from the sugar may be taken 
according to quality for the preparation of invert sugar. 
For this purpose the diluted syrup is heated in a wooden or 
Itead-lined tank with a quantity of diluje sulphuric acid until 
samples withdrawn show by the polariscope test that tht 
si^ar is complkely inverted. The syrup Is' then, run out 
into the neutralizing tank and made neutral by the addition 
of powdered chalk. The syrup is then pumped through a 
filter press to remove Che sulphate of lime, and the clear 
liquor passed through char to improve the colour, after which 
it is concentrated in the vacuum pan to the required density. 
If the resulting syrup wten cooled is stirred it forms a honey- 
like paste, and \Chen filled 'into pails will gradually set to a 
.firm mass of saccharum. The operation*^ is aided by addition 
of a portion pf solid saccharum from a previous operation. 

Table Syrups, — An intermediate syrup is added to a 
portion of invert syrup, or, in the case of low cane sugars, even 
without any addition of invert is carefully filtered and 
decolorized by passing through char and then concentrated 
to the required density in the vacuum pan. It is nec^ssaty 
that the proportions of cane sugar and invert be properly 
adjusted that the syrup may remain bright and clear, and 
not grain out. 

» Refinery Molasses,— The lowestrsyrups from the boiling 
*6f washed sugar is more correctly a cbmestible treacle. The 
affination syfiip, after yielding one or more crops of sugar, 
forms a true molasses, and is sent either to the distillery or 
to be made into cattle food. 
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. Section IV.—MINOR SOURCES OF SUGAR 

Sorghum Sugsir and Syrup.— The value of Sorghum cane, 
A ndropogon, *as a source of sugar has long been recognized in 
Africa and China, and attention having been directed to this 
plant, the United Statens Department of Agriculture culti- 
vated about tlurty varieties of S/Orghum with a view to the 
profitable extraction of sugar therefrom. Of these the Early 
Amber was the variety mostly in favour with planters in 
Minnesota and the north-wt-st. It derives its name irom its 
jiarly ripening and the bright amber dolour of the syrup 
made from it. ^ It is very rich in saccharine matter, the juice 
containing I4’6 per cent, of ^sucrose. Other varieties are 
the Honduras, White Eiberian and Chinese or Sumach cane. 
Although State aid in the shape of bounty was granted to 
favour the industry the use of sorghum as an economical 
source for the production of cane sugar had to be givliii lij) 
because the invert sugar, starch, and gums present in the 
juice preveijted crystallization of the sucrose. On the other 
hand, the concentrated juice forms a useful sylup, and the 
se^d of the cane a food for pigs and ^cattle of feeding value 
<qual to Indiafn corn. The juice expressed from the cane by 
mills, horse-ptwer, or steam, is defecated with a little lime, 
and after clarifying is evaporated to the required density. 
One hundred gallons of juice should be obtained from i ton 
of stripped cane. This, when concentrated to 38? to 
4:?° Baume, produced a syrup of good, keeping quality, 
wholesome, highly nutritious, and* palatable to those who 
have become accustomed to its peculiar sorghum flavour. 
‘It forms a staple dietary food in the northern and central 
portion of the States. The estimated productionr in the 
United States was 17 million gallons in 1900, witfi ai yearly 
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increase ofc aboui^ 15,006* gallons at 19 c^ts*per gallon. 
An analysis of a syrup show^ 367 p.e/*cent. sucrose, 
26*6 per cent, reducing sugars, 4 per cent, ash, and total 
solids, 76 per cent. » 

In a lucent report to the Academy of Agriculture, Paris, 
Andre Piedalia, a French chemist, drew attention to the 
. marvellous utility of the sorghum grass, which is capable of 
SAUpplying sugar, fodfler, paper, flour, and dyes for textiles. 
The plant is iii,^genous to equatorial Africa, ^nd was carried 
the] ICC to Egypt, India, and China. In the fiftc ^nth century 
it was growing in Italy, in Genoese and Venetian territory. 
In 1850 it was recommended to agriculturists in France, 
but did not arouse suffleieiii/ntcrest. In suitable climates it 
gives a good yield of sugar, in China 07 ton per acre. The 
fibres^ yield 2 tons paper pulp per acre, and furnish a 
I)aper of dazzling whiteness. TIig leaves, serve admirably 
for fodder and the ^oots for the production of alcohol ; the 
seeds supply starch, nitrates, and fatly matter constituting' 
a flour of good taste easily mixed with bread stuffs, and are 
envelo]>ed in gluten from wjiich colouring matters may be 
prepared. 

Mhple Sugar and Syrup. — ^Maple sugar is manufactured 
fiom^the sap of the Acer saccharinmi or sugar maple. When 
the sap begins to flow at the end of winter, before the buds of 
new leaves have developed far, the trees are tapped 3 or 
4 feet from Ihe grbund with a half-inch auger, tSe hole made 
is aboht an inch deep, and a perforated plug is inserted to 
collect the sap in a l^ht tin can. Two or 4 lirce holes* w 
notches are made in each tree, and fresh places made the 
following year. The trees are not tapped until 25 years 
old, but can then go on yielding sap for several years without 
harm. The average yield is 10 to 25 gallons each season 
of 4 to 6 weeks ; i lb. of sugar is obtained from 4*5 to 5 gallons 
of sap. The sap is exttemely bright and clear ^nd needs < 
little or ‘no clarifying. It is generally evaporated in iron 
boilers 6 by 2*5 feet, and 6 inches deep, but copper pans ar^ 
better.. It is usually strained during evaporation, .and a 
little Ijm^ added to correct acidity, and milk or white of^g« 
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added to clear'|it'. After stiainiilg and R^dinniing the con- 
centrated syrup is poured into moulds to crystallize on 
pooling. The sk'mmings formed during concentration^ are 
due to coagulation of the albuminoids present in the sap. 
Often a deposit of calcium malate and silica is formed on the 
bottom of the pan. Genuine maple sugar products are 
distinguished from cane products by the large amount of 
precipitate formed on adding lead acetate, due chiefly to th- 
malic acid present. Both the sugar and syi*v.p have a most 
attractive characteristic flavour and honey-like odour. It 
is stated that a docoction of hickory bark will communicate 
this flavour to cane syjup and sugar, but there are strict 
regulations ag^i^inst admixture vith cane sugar. The mass 
of concrete sugar from the moulds is never refined, as this 
would remove the flavour and odour which give the chief 
value to this product. The syrup is evaporated to -a water 
content of 25 to 30 per cent., and usually^ contains 63 to 64 of 
'^Sucrose, 1*5 of reducing sugars, 0*5 of ash, and 4 per cent, of 
organic matters. The output of maple syrup in the„United 
States in 1900 was about 2 million gallons. Little is made 
except in the New England States of Vermont, New York, 
Ohio, and Indiana. In Canada it is m^ide chiefly in Quebec, 
Ontario, New Brunswick, and Nova Scotia ; the amount k. 
igoi was 17,804,825 lbs. of a value of 1,780,482 dollars. 
Canada produces three-sevenths of the world’s consumption 
of maple sugar, but is capable of producing 5 or^-S times tips 
quantity. The Canada Food Board, in conference with the 
Readers in the maple sugar industry recently made efforts 
to increase thf production of both syrup and si^ar. The 
total exports of maple sugar increased from 2,800,000 lbs. 
in i9i7.to 3,550,000 lbs. in 1918. 

Palm Sugar.— Many kinds of palm yield a sacchajrine 
jmce which is utilized in the East for the production of 
crflde sugar. The date palm (Phc^nix Sylvestris), the 
palmyra (Boralasus flahdliformis), the coconut {Cohos nud* 
fera), the gomuti palm (Arenga saccharifera), the nipa [Nipa 
fndiccns) and the kittool [Caryota urens). Out of 3^00,000 
^tofi^ of crude su^ar of India’s annual output it is Estimated 
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that 10 pec cent.^^ derived from palms a id ^bout 4 per cent, 
from the date palm cultivated# for the purpose in Bengal 
F dim sugar is made by an incision in theyfeoft upper part pf 
the stem and collecting the juice in earthenware pots. It 
is then iomcentrated so that it sets on cooling to form gur 
or jagger;^, a dark-brown sugar in considerable demand in 
Inia, Gur is sometimes treated in native refineries by 
^covering it with a la^er 4 or 5 inches thick of the watex weed 
VaUisneria spivalis. The molasses drains tl/rough the basket 
to a pot below. Fuel for concentrating the 3 aice is a dilR- 
culty. The pots are smoked inside to prevent fermentation, 
but lime- washing would be better^ Although the juice is 
water white as it exudes, it darkens rapidly on boiling ; to 
lessen this, lime juice is added. The natives obtain 3,1 per 
cent., but centrifugifi machines w6uld yield 59 per cent. 
The^clmnce of establishing smaW central fr/ctories is nullified 
by the cultivator;^ refusing to sell at a reasonable price^ 
2*3 tons of gur can be obtained from an acre of palms, and this 
can b<j increased. 
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Sbction V,— caramel 
( 

WhiCn sucrose is* heated above its point of f iision it becomes 
coloured and' ends by becoming transformed into ii' brown 
mass, caramel. Glucose also yields a like product. Caramel 
is evidently a carbohydrate of high molecular weight and a 
condensation prpduct of sucrose of glu«.ose . From cry oscopic 
determinations and analysis of its barium compound its 
formula has been given as Ci25Hi880ao‘- 

Properties.—iCaramel isjound in commerce as a concen- 
trated solution or in solid masses or iij/ powder as coffee 
essence. The solid forms an amorphous, reddish brown, 
brittle mass which is porous and highly deliquescent. It is 
completely soluble in water ai\ji partly soluble in alcohol. 
It has a bitter taste due to the presence of assamar, and is 
not fermented by yeast. Its melting-p\)int is about 155° C. 
It reduces the salts of the heavy metals and is precipitated 
from aqueous solutions by baryta and by neutral lead 
acetate, as well as by paraldehyde in alcoholic solution. 

Manufacture.— Caramel was originally mad® by heating 
cane sugar, and that used for colouring spirits is still generally 
fifoduced in this way. The si^ar is heated in an open metal 
pan oyer a gas*fire with constant stirring, till the whole mass 
melts, turns brown, and then suddenly froths up, when the 
heating must be stopped at once. If heated too far it is 
inclined to char. Water is cautiously added, and when 
diluted to the right point the caramal is filtered through wire 
gauze to remove the carbon and insc^iuble products. Glucose 
has now in grekt measure replaced canei’ sugar in tke manu- 
facture, but unless the glucose is comparatively free from 
dextrin the product is not so readily soluble ii\ spirit. 

, Potassium or socHum hydrbxide or carbonate is heated with 
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glucose over a ike until irritating va^^6u^5 commence to 
appear, the heat is then modefated and /the mass stirred 
continuously until samples show the required tint, when 
water is immediately added to stop the further change. 
Ammonia dr ammonium carbonate is also used. 

U^es, — The use of caramel for colouring beer is of com- 
paratively recent application, due to the replacement of part 
'bf the malt by sugar or raw grain or less highly kilned ^alts. 
The colfjur is mbre easily adjusted with caraihcl to a constant 
standard. Caramel is also used to colour spirits, liqueurs, 
vinegar, gravies, and as a coffee surrogate when mixed with 
suitable aromatics and fillings. 
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paht in. -alcoholic fermentation- 
beer 

Fruit juices on keeping readily undergo a change during 
which the liquid seethes or ferments and acquires a palatable 
flavour and an exhilarating physiological property with loss 
of sweetness, and this process doubtle^ led to the first use 
of fermented beverages. Saccharine Juices from other parts 
of plants or honey would id course of time also be utilized 
•in a similar manner. Germinating seed^ of cereals become 
sweet from tlje conversion , of starch into sugar, and the 
extract therefrom would also furnish material for a like use ; 
in fact, there is evidence that ifialted grain was used in pre- 
historic times even in the Stone Age^ Where saccharine 
juices from plants were not available the nulk of animals was 
fermented to produce Koumiss by the Tartars and Kephft 
in the Caucasus. In the warm parts of southern Europe the 
juice expre9L,ed from grapes is fermented ,to produce wine, 
in the colder northern parts apples are cruslied and the 
fermented ju^e gives dder, but the bulk of fermented 
Beverage in these parts is made from malted barley to produce 
beer. ^ 

Barley.— Although the seeds of various cereals have 
.been used at times for malting, centuries of experience have 
shown that, barley is the most suitable grain for the pro- 
dCRuon of good beer, owing to t^e quantity of starch it 
contains, ^e activity of the diasta]^ formed when, malted, 
and the strong husk which allow the worts to be readily 
drained. Malts from wheat and oats are still made to some 
ext*‘nt, have special qualifies, and are generally us^:d only 
^with a large proportion of barley malt. 
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When each o 5 *the fldwer-bearing sj>ikeJ^ts which grow 
alternately on each side of the ear arw fertile six-rowed 
baAey is fte restdt, but most of the maltiilg barley grown in 
this country is the narrow-eared two-rowed barley, Hordeum 
distichum, the two principal varieties of which are known as 
the ^hevallier and the Goldthorpe. Long experience is 
required to decide from samples which' barley is moat 
Suitable for malting purposes. The grains chosen shc*ild be 
of largq^nd uniform size, plump, of pale colbur and of sweet 
smell without the objectionable odour due U mouldiness. 
The number of cracked and broken grains should be few, and 
the barley should not feel cold anc^ damp to the hand, but 
should flow easily through the fingers. When a grain is 
bitten through it should appear white and floury, not glassy 
or steely. The vital:!/ of the grains is improved on storing 
for j^tiThe due to gradual dryi^^, and the skin is then some- 
what crinkled. Tile vegetative energy is tested by finding^ 
the percentage of grains which germinate when kept for 
three days or longer in a moi^t^chamber. 

Malting. — The operation of malting consists in allowing 
the grains of barley, which have been reduced to uniform 
size tfy screening or Sfting, to undergo a restricted germina- 
'^on Vhereby the insoluble starch of the grain is converted 
into soluble fermentable sugar and then checking further 
germination by the application of heat. The sifcted barley is 
run gradual]^ and! stirred into the requisite quantity of water 
not bSow 50° F. and ^Jteeped for fifty hours or longer until a 
sufficient amount of water has been taken up, 'and the whql^j 
contents of the grain are wetted without being sodden. The 
water is drained to waste and the steeping m'';, be repeated. 
The action is not merely medhanical, for dust, bacteria and 
the ^ores of moulds are washed away and a certain amount 
of organic matter and soluble salts are also removed. 
steeped and drained grafhs are then run out intf 't coucii or 
franco aifd left loi a. day. One side of the* frame is then 
removed and the grains spread over the floor so as to covc» 
a greater or less area according to the weather to keep the 
typeratftre not over C'O® F. and*avoid the accumulation *of, 
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carbonic acid ^dven off by respiration.,-' The floor” is 
turned twice daiTi’'fwith broad flat shovels, and the operation 
repeated during n to eight days or more. The grain sGon 
begins to sprout or “ chit,” forming a white protrusion of 
several curly white bushy rootlets, and the plumule, or 
‘ ' acrospire, ’ ’ is visible as a swelling beneath the skin. During 
this period it is irequently necessary to sprinkle the grain 
with , water to maintain the requisite^degree of moisture.' 
As soon as the 'plumule has grown about three-qujijrters of 
the length of the grain further growth is stopped by dr>’ing 
the grain, or withering when it is ready to be dried on the 
kiln. At this stage th^ corns should be crumbly and not 
pasty and the, ^rootlets dry and shrivelled. In pneumatic 
malting the grains are not spread on the floor, but rotated in 
drums supplied with moistened ak. Considerable . floor 
space is saved b^ this method. 

^ The malt is dried on the kiln for thvee or four days, a 
moderate heat only being applied until the malt is dry. By 
drying on the kiln the malt acquires a pleasant empyreumatic 
flavour. The floor of the kiln is of tiles or woven wire, and 
the source of heat is the combustion gases fiom anthracite 
coal or coke, which should be low in sulphur and arsenic. 
Pale malt, intended for pale and stock ales, is cured at a iow^ 
temperature than high»dried malt, which is suited for the 
production <af beers of a sweeter character and fuller nature, 
the so-called quick-running ales, for which the Vemperature 
is taised to 230° F. On the continent malt is kilned ty hot 
alone, the products of combustion not being allowed to 
come ijito contact with the material. 

Diastase.— The larger portion of a grain of barley is 
^formed by the endosperm in which the starch which consti- 
tutes the reserve food material for the young .plant is st^ired 
u$3^, the smaller part at the end of the grtun is the embryo, 
and separating these is a cellular layer, the scutellum, from 
which under the influence of the liVing embryo during 
germination, an enzyme, diastase, is secreted which converts 
the^starch of the endosperm into soluble sugar capable of 
•being absorbed and utilized in the ^growth. The starch, 
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however, is enclo^ as granules in the a Us of the endosperm, 
and the diastase as a proteid caiinot pas^*yhrough the walls 
of the cells ; another enzyme, cytase, is ^creted which dis- 
solves or changes the# cell walls so that they become perme- 
able, and the starch is thus exposed to the action of the 
diastase. The endosperm is surrounded by a layer of cells, 
the aleurone layer, containing proteins,* which also coia- 
^;ribul :s to this actidn. Moreover, there are other enzymes 
which convert,the protein contents of the ce41s into diffusible 
atid soluble substances to help in the nutrition of the growing 
plant and supply material at a later stage for the nutrition 
of yeast during fermentation. Th^se various zymases are 
catalysts of an albuml^iioKi nature, and minimal quantities 
serve for converting comparatively large quantities of the 
special substances oi’j*'nhich they acf. They are only secreted 
by the living plant ; dead com reproduce n« diastase. They 
are all sensitive the destructive action of heat, but not 
equally so ; but are able to withstand Mgjier temperatures 
when dry. Diastase is contaiifed in air-dried malt, less in 
kiln-dried, but even this contains more than sufficient to 
convert all the starch of the grain. Cytase is also present 
in aif-dried green malt, but not in kiln-dried, since it is 
^slft)yed at 6 o° C., at which temperature the activity of 
diastase remains. 

Supplementary Materials.-— Other materi^s containing 
sl^^rch used»along* with malt are maize, oats and rice. The 
maize*and rice are usu^y torrefied, or more or less gelatinized 
and crushed betwee:. rollers to form flaked and in tjjjs 
material there is over 75 per cent, of starch «^ith only small 
quantities of soluble nitrogenous product? Cane sugar, 
invert sugar and glucose also supply fermentable material 
witjjout unduly increasing the nitrogenous constituents.* 
Highly coloured qialts are made by kilning the malted barley 
at a high temper «^ture dr roasting barley or as codec 
is iv/iist'^d. These bnown or black malts are used for stout 
and porter. Caramel is also often used. 

Prftiparation of Grist. — ^The malt from the kiln is ground 
or, rathe^, crushed by passing between a p^r of steel rollers, 
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SO as to form the grist. The disintegration of tiie husk is 
avoided as far asy^ssible so^that the soluble matters may be 
readily drained after mashing, while the interior of ithe 
grain is set free so that the starch may .be readily acted upon 
by the diastase when water is added in the mash«<ttin. 

The methods of grinding the malt between stones, or of 
emitting and teariilg it with steel cutting mills in the way that 
coffee 4/is ground, do not yield so satisfactory a product.' 
Malt, when finely ground, is liable to set during mashing and 
form a mucilaginous magma from which much of tlie liquor 
cannot be removed except by prolonged washing, thus 
rendering the wort dilutf , and therefore more liable to suffer 
from acetification. When the grain is torn or sliced, water will 
not penetrate thoroughly during the time usual in mashing, 
and some of the materidl is unacted, on and wasted. It is 
only by the use* of rollers that the malt can be pvoperly 
^prepared, so that the crushed material allows of the mash 
being easily racked off, leaving but little extract in the 
grains. The grist mill usually consists of two smooth steel 
or, better, iron rollers, one of double the diameter of the other, 
the larger one driven, and the smaller roll revolving by the 
friction of the malt passing between the two. The distance 
apart of the rolls is adjusted by a screw to suit the size ot 
the malt being crushed. The grist formed is raised by an 
elevator consisting of an endless belt provided with buckets, 
termed a “ Jacob’s ladder,” and delivered to the grist hopper 
rea^y for mashing. 



Section H--MASHiN» 

The crushed or grist and " liquor,” as water is termed 
in brewery, are mixed either in the mash cun or in a 
preliminary mash mixer. The water is previously heated 
so as to get the necessary temperaturj limits for the changes 
which occur. The masll luij.is a cylindrical covered vessel, 
provided with a perforated false bottom and with revolving 
rakes, and a series of *pjpes for dra>^ing off the clear wort. 
There also a sparger, consipt^ng of a pipe perforated 
throu^out Saif itp length on one side, and along the other 
half on its other side ; this pipe is made 1b jrevolve so that 
when water is supplied to it the whole surface of the “ goods ” 
are thoroughly wetted. I^qiipr at a high temperature is run 
in and allowed to remain imtil the vessel is sufficiently 
warmed, when the wdter is nm off. The grist and water 
; ’-'j thm run in, the proportions being so regulated that the 
mash will possess the propei consistency, the rakes mean- 
while being kept in motion until the whole is ^thoroughly 
mixed. The ^ioutelits are then left at rest for about two 
hours until tests show that all the starch has been converted 
when the clear, bright ^"ort is drawn off into th<? under -bac]^ 
or copper. While the wort is running off sp^ging is con- 
tinued so as to avoid any tendency to set and " bstruct free 
drainage. This will form a second mash. After this is run 
off the material should be sufficiently exhausted, and is 
remoVfed as brewers^ grains to be sold to farmers for fattening ^ 
cattle. 

Kjtnre»of the Changes during Mashing*— During the 
mashing. process the starch of the grist is acted upon by the 
diastase ^d the starch molecule broken down (page 6) into 
maltose, dextrin and intermediate Aalto-dextrins, one of tfid 
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latter being practically tinfermfentable„,and hence termed 
stable dextrin^? The rel?tive ptoportions of the malto- 
rdextrins which contain relatively few amylin groups and a 
large number of maltose groups, and therefore more readily 
fermentable, and those in which the 'reverse k ‘the case is 
determined by the temperature at which the liialt has been 
> kilned and mashed, and on this will also depend the' class of 
beer produced therefrom, the flavouf and character of the 
beer being du^ as much to these extractives, as to the alcohol 
present. A* pale ale, free from excessive sweetness, must 
contain more of the less readily fermentable bodies in order 
to provide for cask fci^mentation and the constant slow pro- 
duction of carbonic acid to keep it ih condition, while a mild, 
quick-running ale must be sweet and, therefore, made from 
wort rich in free maltose and malto-dextrins approaching 
thereto, and readily reach condition in the cask. These 
required conditions are obtained witliin the narrow range 
of 145° to 155° at which masliing is carried out, the diastase 
being extremely sensitive to slight variation of .tempera- 
ture ; if mashing is done near the lower temperature the 
wort is suitable for mild and sweet ale, at the higher, for 
stock beer. When raw grain is used ih conjunction with malt 
it requires to be gelatinized so that the starch may be aeted 
on by diastase during mashing, or it may be treated in a 
converter . with a little pale malt at a high temperature to 
form soluble starch, otherwise it would form a - viscous mash. 
The above infusion method of mashing is best sfdted for 
brewing English beers, but as all maH is liable to contain some 
unmalted grein this portion remains unacted on during the 
process and is lost as regards the production of beer. On 
the Continent and in the United States the decoction method 
of mashing is used. The malt is first mixe^ with water at a 
lojver temperature than in the infusion method and the mash 
‘then heated in successive stages nearly to the boiling-point ; 
or, a portion of wort is run off and the contents eff the mash 
tun heated nearly to boiling-point by steam, then cooled to 
mashing temperature, and the portion of wort containing 
active diastase returned to it and mashing allowed to 
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complete. •By thi^means'any unniodi£^(^ cops in the malt 
arc gelatinized and rendered capable of bck^g saccharified so 
tha1» the extraction is more complete. TJie density of th« 
wort is taken by a special form of hydrometer giving the 
original gitivity of the beer to be brewed from it. 

Influence of the Water used for .Brewing.— Water is 
.one of the most important frequirenients i(fr brewing, and a 
constc-^t and abundant supply of suitable clear wfiAer is 
therefore an indispensable condition for a* brewery. The 
waLcrs best adapted for brewing purposes art those which 
t«re of organic purity and not contaminated with poisonous 
metals, or more than a trace of iro^, and contain inorganic 
salts within certain limits^ Experience hr^s proved that 
some waters are more suitable for the production of ales of 
a particular character, but not for* those of another class. 
The Bifrtoi^ pale ales and th'^ black beer» of Dublin and 
London furnish cases in point. The Burton water contains ^ 
large quantities of calcium sulphate (over 70 grains per 
gallon), while the Dublin w^ater pontains only a small quantity 
of calcium sulphate, but a somewhat larger amount of calcium 
and magnesium bicarbonates, which are almost completely 
precipitated on boiling, leaving the water soft. Water most 
jdtaMe for brewing the best mild ales contains intermediate 
quantities of calcium sulphate (5 to 7 grains per gallon) but 
a large amount of sodium chloride (35 grains, per gallon). 
OnJ:he addition of the necessary amounts of the salts lacking 
it is ^ssible in many^ cases to make certain waters mo/e 
suitable than they wccM otherwise ha^^e been ’for a bpeci%: 
purpose. The addition of calcium sulphate magnesium 
sulphate and calcium cliloride in proper amc..iits to water 
containing a deficiency of these salts will make it suitable 
for use in brewing good pale ale. 



Section HI— BOILINf} AND HOPPING 

Th^ sweet wort from the mash tun is colle(:tt;d in the under- 
back, a copper vessel provided with a steam coil to* heat the 
wort immediately it enters to such a temperature as to render 
the diastase inactive a^d prevent further conversion of the 
malto-dextrins. From the undqr-badK, or sometimes directly 
from the mash tun, the wort is run by gravity or pumped 
to the boihng-copper, ^hich may bp ‘arranged to take the 
whole of the wort brewed, or the stronger and weakir worts 
are boiled separately. l*he copper maj^bc heated iJy fire 
or steam, and boiling is continued for about two hours, 
during which* the hops are 'added in portions, the best hops 
being added last, just before’ t^e bitter wort is run off. As 
a result of the boiling the wort becomes completely sterilized, 
the various bacteria, moulds and yeasts on the barley and 
malt being killed, some of the proteid matters are coagvlatirt 
the action of the diastase is arrested unless this was done in 
the under-back, the aroma and flavouring constituents of 
the hops are extracted, as well as the antiseptic resins, and 
tannin, and the wort becomes. more concentrated. •' 

The Chemical Constituents of {he Hops.— The portion 
of the hop pl^nt used by brewers is the strobile or cone, the 
aromatic smelhng blossoms of the hop bine. The strobiles 
of the 'female plant only are used; these consist of partly 
overlapping scales or petals which are of ^two kinds, one 
seedless, the other containing the fruit or ^ed. At the^bases 
of the scales is a yellowish powdery lupulin, spoken of by the 
brewer as “ bondition,'* since it cgn tains the ^flavouring 
essential oil, the resins, the bitter principles and other 
ingsadients to which hops owe their value. The ess^tial oil 
w&s shown by Chapmaif to consisj: of two hydrocarbons, 
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myrcene, i^hich ]i|POsse^s a penetratiur odour and itadily 
changes into a resin, and humfdene, whidi has very little 
oddur and Is not so prone to change, as well as other oxygeil- 
ated bodies in small ’amount, but which contribute largely 
to the odom of the oil. The oil is only very slightly soluble 
in wafer, but somewhat more so in the dilute alcohol of beer 
and is yet sufficient to coijfer its flavour on this. The oil fs 
volatile with steam, and on boiling the wort some%f the 
aroma i% lost. • It is for this reason, in order to minimize the 
loss, that the hops are added in portions to the wort, the 
best hops last just before the wort is run off. The resins and 
bitter substances not ,only confer flavour but act as anti- 
septics and prevent the rdhdy developmeiitr of bacteria in 
the beer. There are several resii^ present, but the chief 
distinction made is into the soft and the hard, the former of 
which IS preservative, and behi^ unstable readily passes into 
the less effective bird form. It has been^ found that if hops ^ 
are stored at a low temperature the rate of deterioration is 
much les^ned. The bitter pianciples of the hop are due to 
certain acids closely allied to the resins. A certain amount 
of tannin is extracted from hops during the boiling, and this 
contributes to a small extent in precipitating proteins and 
thus*enablmg them to be removed. 

Cooling and Refrigerating.— The boiled wort is run into 
the hop back, a .wooden vessel provided with*a perforated 
‘ fake J)ottoii, to keep back the hops which act as a filter and 
allow the clear wort to flow through. The lyps are some- 
times sparged to renfove the wort retained, or they ifte 
passed through a form of press to squeeze* cut the wort. 
The filtered wort is pumped up to the cooler, a large shallow 
rectangular vessel in which the wort was formerly cooled ta 
the temperature suitable for fermentation. Although the 
tank is usually placed in a room at the top of the brewery, 
and ample provi. ion made by having louvregboard windows 
for ventilation i^tatfis a long time for the wort to cool down 
to the required temperature, especially in warm weather, and 
the large surface exposed to the^air offers great liability ♦ to ^ 
infectionP by microbes’from the air. It is* now the practice* 
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to cool only tOiabyf)ut 140° F., and'then co^nplete the cooling 
by allowing the wort to flot/ over the refrigerator. Besides 
Pooling, however,! the wort becomes aerated, knd certain 
proteid matters are thereby rendered insoluble and are 
precipitated as a slime in the cooler. Aerating 'cooled wort 
does not effect this result at least to the same extent, and 
tvort aerated cold gives a turbid filtrate. Recently the^ 
desired result has been attained by spraying the hot wort* 
into a deeper cooler, thus saving considcrabl^*space ^\i^ith less 
liability to infection from the air, while the refrigerator is 
made to do the principal part of the cooling. The re- 
frigerator consists of ar scries of horizontal tubes through 
which cold waft-r passes from th^ lowest tubes to the highest, 
the wort meanwhile flowing over the outside in a thin stream 
until it leaves at a temperature of 60'^ F. to enter the fermen- 
tation tank. The tubes nd'd to be kept scrupulously, clean 
to avoid infection by microbes which ma^f lodge at the angles, 
more is to be feai;ed from colonies of these wliich have grown 
habituated to the w^ort than to the chance infection from 
those falling into it from the air during the comparatively 
short time it is thus exposed. 



Sectiot IV. -^fermentation 

The cooling of, the wort completes the brewing proper, the 
subsequcfit operation being the fermentation iii which the 
maltose is converted b}^ the action of the yeust into alcohol 
and carbon dioxide, and the liquid changed thereby from a 
sweet wort into an alcdh(.'h‘^ fermented beverage, beer. As 
soon as the wort from the refrigerator, cooled to about 
6o® F., has started rhuning into tlTe fermentation vessel a 
quantity of ^^east, called the pitQhing yeast,, is added in the 
proportion of one three pounds to the barrel of 36 gallons, 
according to the various conditions of 'working and the 
quality of beer to be made. Thtf yeast is first fvell roused up 
with a portion of wort in or^er to secure its uniform distri- 
bution. At this point the excise official takes the dips and 
gravities to deteriuin^ the duty chargeable. 

Alter a few hours small bubbles of carbon dioxide may 
be seen rising to the surface of the liquid, and these soon 
collect into a frothy layer which is fancifully named from its 
various app^iraudes as cauliflower head and ro^y head, and 
ultimately becomes more compact and yeasty through which 
large bubbles of carbo^\dioxide penetrate and burst, keeping 
the whole in a state of c mtiiiuous motion. Iivtbout 48 hours 
the yeast is skimmed off, either yvith skimme’ 3 by hdnd or 
mechanically, and rejected, and the operation of skimming is 
repeated at intervals several times, this yeast being collected' 
in t^e yeast backs for pitching subsequent charges. When 
fermentation has proceeded far enough, as sbow^ by* the 
liqi.td appearing dasl^ and free from suspended yeast when 
a portion of the yeast head is brushed aside, the last head 
allowe4 to remain and act as a pro{ection against contamina- 
tion by air-borne micrqbes, and Hie whole is allowed to test 
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to settle and plear, and then drawn off ^to casks, or it is 
run off into a'sp'fecial radq^g vessel where, after a rest not 
exceeding 24 hours, it is then filled into casks. The raddi^ 
vessel affords a convenient means for adding sugar or other 
priming ins^-pad of adding it to each cask. In the racking 
vessel little or no further fermentation occurs. ' Instead of 
completing the fermentation in ope vessel as in the skituming 
systepi several other methods are employed. The firs{ 
part only of the fermentation may be allow^ to take place 
in the vessel', and then the partly fermented wort is run out, 
either into rectangular vessels known as dropping squares 
or into a series of large inter-connected casks, which, from 
their use in the breweries of ,Burt'on-on-Trent, are called • 
Burton unions. In these the fermentation is completed. 

The simplest form 6f a fermentirig tun is a squgre or 
round vessel of wood, often, lined with copper or aluminium, 
and provided with an attemperator, a coil of piping through 
which cold wat^r'may be passed to keep down the rise of 
temperature tv^hich takes plUce owing to the vital activity of 
the yeast. The rise should not be allowed to exceed about 
70° F. The difficulty of producing a good, drinkable beer 
in hot climates is well known. 

Besides the above primary fermentation in which dl 
readily fermentable sugar has been decomposed, and an 
equivalent {proportion of alcohol formed, there is another 
slower secondary fermentation which takeh place in the cask 
and serves to keep the beer from becoming flat afid un- 
drinkable. This is due to a different yeast, which is either a 
wild yeast obtaining access during the cooling, or which 
exists in small proportion in ordinary brewing yeast, and the 
action of which was overwhelmed during the more vigorous 
‘ and preponderating activity of the ordina^ yeast m the 
primary fermentation. In the cask this yeast is now dee to 
decompojie slowly the malto-deLtrins and ferment the 
resulting maltbse into alcohol and catbon dioxide and thus 
.,keep the beer sound. 

Yeast. — Ordinary brewers* yeast, when observed tmder 
th^ microscope, is seen td consist of a number pi minute^ 
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slightly ovoid ccUg, 8 to in diamete *. Each cell forms a 
distinct plant, Ixmded hy a transparent.cell wall enclosing 
tht protoplasm and other cell contents. ^In young cells the 
protoplasm is dear and transparent, but in the older cells 
appears granular and contains one or more app^ xcutly empty 
spaces, th 5 vacuoles. Manv of the qells have smaller ones 
rfittached to thetfi so as iijequently to form chains. This Jis 
the irual mode of reproduction, a protuberance or bud form- 
ing on the side of the cell, and after grcAving sufficiently 
becoming detached. Another mode of rep'ioduction is by 
the formation of ascospores, which are produced when young 
yeast is kept at a suitable temperature, about 25° C., on a 
moist surface. The protojilasm becomes g^'anular and sub- 
divides to form two, four or eight separate portions which 
become invested a membrane*and constitute the spores. 
When*the ^ell bursts each of these spores becomes a new yeast 
plant and can .^produce by budding as before. This^ 
property of forming spores has been utllijed by Hansen in 
differentiating the various yehsts, the shape of the cells 
alone not affording a sufficient criterion for this purpose, 
since the form alters considerably under different conditions 
of ciUtivation, The* importance of distinguishing the various 
feasts will be apparent when it is realized that they differ 
very greatly in fermenting power and in the quantity of 
alcohol, and the acidity they produce, and also jn the amount 
o|^nitrogen» consumed and of new cells produced, while the 
flavour of the beer is, also largely dependent on the spegific 
character of the yeas^used. * ^ 

The Cheijaicd Changes during Fermentation.- Before 
the maltose present in the wort can be fe^*".iented it must 
be converted into a corresponding amount of dextrose which . 
is ^ected by the enzyme maltase secreted by yeast. In 
like manner cane sugar must first be converted into equ^al 
molecules of dextrose ahd levulose by the enzjm^ inverth^,* 
wliicli ik also secreted by yeast. It is only tte hexoses which 
are directly fermentable. The conversion of dextrose ;nto 
alcohol and carbon dioxide according to the equation 
C 6 Hi 2 C 5 ^= 2C5^H60 H',2C02is oftly the m^ portion of 
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reaction brought about by the enzyme zymase of j:he yeast, 

5 per cent, of the ‘^dextrose J)eing convert('d into glycerine, 
carbon dioxide and other products, and also utilized for the 
growth of the yeast and for the production of new cells. The 
small propoi^tion of higher alcohols and succinic acid always 
^formed during fermentation are derived from the amino- 
a^ids present in the wort. 

Hi^,h and Low Yeasts, — ^There are^two kinds of ;^east 
in general use m breweries, the one used in 'E^igland for the 
fermentation of infusion worts with frequent aeratibh, and 
known as high yeast from the temperature, 6o° to 70°, 
at which fermentation is allowed to proceed. It is also 
called top yeast, ^iiice it rises to tfee surface of the fermenting 
liquid. The other kind is used with decoction worts on 
the Continent for the production qf^ lager beer, and is 
fermented at a lower temperature, 5° to 6° C., hence ‘-called 
low yeast, and from the fact that it settleg ),o the bottom of 
the fermenting tuU, bottom yeast. Both these cultivated 
yeasts represent types of one species, Saccharomyces ceri- 
vis(B, and although low yeast n;iay be made to produce a 
transient top fermentation, this soon ceases, and it does 
not appear probable that the one kind can be converted 
into the other at least by the few fermentations of an expefA^ , 
ment. There appear to be three sub-varieties of each of 
these two brewery yeasts with markedly different properties, 
and it has been suggested that the difftrentr. flavour of 
beer made from similar worts may be due to a prepondefaifce 
of^one or othe! of these forms in the yeast used. 

Pure Cultures. — A great reform in the fermentation 
industry was made in 1879, when Hansen, of Copenhagen, 
introduced yeast produced by culture from a single cell, 
hnd was thus able to show that yeast which, when examined 
under the microscope, was apparently pure^ in reality fcon- 
'Sisted of several types or varieties^ to some of which un- 
pleasantness of ‘flavour and turbidity jws due. Apportion 
Qf malt wort mixed with enough gelatine to enable.it to 
set wlien cold is inoculated with yeast so dilute that^when 
a d^Dp of the wort is spread on a imcroscope coT^r glass 



FUElMeNTAriON 155 

only a fev^sepaia^te cells tire visible, ard these so far apart 
that after incubatW th(? colonies formed'Jirom them would 
no^ come hito contact with each other. After these have 
sufficiently developed a portion of each is ren^ved and 
placed in V flask containing sterilized wort. Iy’'‘^a few days 
fermentation will have taken place, atjd sufiicient yeast will ^ 
4iave Ibeen produced for the pitching of ‘a larger flask qf 
wort, jand by a repeffition of the operations, using at pach a 
larger quantity, at length sufficient yeast be obtained 
to carry out a fermentation on the brewery s^:ale, and thus 
enable the quality of the resulting beer to be examined. 
When a yeast is found which, undpr the conditions of the 
brcweiy gives the quality «of beer desired, -its use on the 
large scale conduces to rational working instead of the 
usual chance results, and diseases of the beer with attendant 
losses are obviated so long the yeast is kept pure. It 
is not necessary ^ pitch each fermentation with fresh pure 
culture yeast, since the yeast remains sufficiently pure for 
practieal purposes for some .time, and onl^ requires the 
periodical addition of puie yeast to maintain its satisfactory 
character. Each brewery requires to select the type of 
yeast best suited to its conditions to produce the character 
^ bter for which it is known. The use of pure culture 
yeasts has met with a large measure of success in Continental 
breweries, but has not proved so advantageous in English 
bi^weries, «biefly owing to the necessity for the secondary 
fermentation in cask essential for these beers. The second^ 
fermentation is proujced by a diffet-ent ye&st from t^at 
which gives fhc primary fermentation, and* without it the 
beer, although sound and of good flavour, thin and flat. 
The secondary yeast is present in ordinary pitching yeast. 
Single yeast ^ultui^s, however, are more satisfactory with* 
quick rimning ajes, for which the secondary fermentatiop 
is less essenli.d * 

AeAtion, Temperature and Duration.— Yeast cells 
require oxygen for carrying on ^their vital activities, and 
although fermentation will go on in the absence t)f air, 
unless tlie necessary oxygen is Supplied tjie cells soon*l6se^* 
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their fermentative faculty and dife. The. wort ia; aerated to 
begin with duiing its passage over' the r<ffrigerator, mi the 
contents of the fermentii^ tim are roused from time to tune 
to supply, air. Excessive aeration, on the other hand, leads 
to an unneb'^issary development of yeast cells at the expense 
of the sugar, and is attended with a diminuHon m the 
yield of alcohol, 

temperature at which fermedlation is allovxd to 
proceed varies With the kind of beer made) weaker qualities 
are usually Worked at a temperature not exceeding 70° F., 
but with stronger beers the temperature may be allowed 
to rise as high as 75° F^ and this is also the case with stout 
and dark beers. Eow temperature" conduces to the pro- 
duction of a finer flavour, and more stable beer and more 
carbon dioxide is retained in solution. ' The higher tempera- 
tures tend to favour the development of bacteria, but this 
is somewhat counterbalanced by the more vigorous fermenta- 
tion, and dark n^alts contain, moreover, products of an anti- 
septic charac*tcr. Higher temperatures lead to irregular 
development of yeast. In the^ case of bottom yeasts the 
temperature is from 38° to 48° F., and fermentation is much 
more slt^gish. 

When fermentation takes its normal course the yeksb 
is ready for skimming about 48 hours after pitching, apd 
the primary fermentation lasts usually about 8 days, 
after which some qualities of beer are sent out SDr consuj;ip- 
tipn immediately they are racked iqto casks, while others 
are kept for sbme months to mature, r The bottom fermenta- 
tion conductedtat a lower temperature proceed^ more slowly, 
and is prolonged to 12 or 15 days, and the beer is then kept 
in casks stored in cellars at a low temperature until filled 
‘into delivery casks. It must be quickly consumed ^after 
being removed from the protective influ/^nce of the cold 
cellar, as jt does not keep so well as^che more heavily hoppe^, 
English beer. 

Density of Wort and^ Attenuation.— A quarter of malt, 
336 lbs., is usually taken to yield four barrels of 36 .gallons 
each of wort of ^ specific gravity of .1*055. . density of 
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the wort arranged to stdt the streng h of j^he beer to be 
brewed^ and is s^ken t)f as Ijie origin^ gravity of >the 
beej. Brewers also describe worts as of so many pounds, 
this being the 'excess pf weight of the wort o\er^at of a 
barrel of water, 360* lbs. ^hus a wort of a g'i^ty 1*055 
would be called one of 55 x *36 ^19*8 brewers Ibl, the weight 
of a bteel of such wort being 360+19*8=379*8 lbs. , 

Ye^st cannot rejadily ferment worts containing ^0 per 
cent, of fermejjtable sugar, equal to 51 lbs.* and its action 
is inhibifed by the alcohol it produces, so tha*/i4 to 15 per 
cent, ^of alcohol is the maximum attainable. The gravity 
of the wort is taken during the cour^ of fermentation after 
pouring a sample frorf one* vessel to another to disengage 
the gas, and is foiuid to diminish steadily as' sugar is used 
up a^d alcohol produced. The filial gravity, termed the 
attenuating^ reached may be i *016 =5*76 lbs.- This determina- 
tion is affected byi 4 ;he presence of the alcohol, albuminoids, 
caramel, and hops, and gives only the*apparent gravity. 
Yeasta differ considerably in tlfc attenuation •they are able 
to produce. • 

Bakers’ Yeast— Yeast is mixed with the dough in 
bread making in order that the carbon dioxide and alcohol 
^gAetated may confer the desired sponginess to the bread 
when baked. Brewers’ yeast formerly in use for this 
purpose is, owing to its hop flavour, not so suitable as dis- 
tiUery yeast# Tfle manufacture of pressed yeast is carried 
oufli this country and abroad as an adjunct to the distil]|i- 
tion of spirit. The w*ll aerated mash of graiif is fermented 
■vigorously at a high :.emperature, and the ^east skimmed 
off when the* production of young cells hf>*' ceased' The 
yeast is separated in filter presses and preserved in tin-foil 
wra^ers. , 

Yeast Food product— The high percentage of nutritive 
inaterial in yeast has led to its use as a food p^o^uct siifce * 
dried y^nst contamB,45 per cent, of albumenoids derived 
from the protoplasm of the cells Yeast extract, prepared 
by hegting well-washed beer yeast and evaporating in a 
vacuum* J)an to a syrppy consi^ency, has the appear 4 itce^ 
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and odour of ;jieat extract, but is«omew^at palef in colour. 
The chief characteristic difference is thfe absence of the 
t>ases creatine and creatinine which are present in n^eat 
extracts.^, Dried yeast forms a good fodder for sheep, but 
is not so elis^ly digestible by the Human subject. ’'^It forms a 
bulky mass of light-brown flakes, and is excellent for dairy 
90WS, giving an increase in milk yield over cotton seed' meal 
The bitter taste due to hop resin is removed by Ire^ment 
with alkali carbonate or disguised by additipn of fats and 
starchy meab. 

Diseases of Beer,— Beer should be brilliantly clear, any 
cause of dimness or turbidity is to be scrupulously avoided. 
Bacteria produce not only undesirable alterations ii^ odour 
and flavour, bht often cause a turbidity not removable by 
finings. It is advisable, therefore, by the strictest attention 
to cleanliness to avoid contamination by these organisms. 
Certain species of yeast also may cause* {urbidity, as was 
shown by Hansefi, but the wild yeasts Saccharomyces 
Pastorianus aiid 5 . ellipscfideus are only harmful^ when 
present in too great a proportion in the pitching yeast 
When this is the case it has been suggested to wash the 
yeast and separate the noxious form^ by decanting them 
oft, while the larger and more useful cells remain behiiidc 
in the sediment. Yeast turbidity is removable by finings. 
The finings which it is customary to add to beer are made 
by soaking isinglass in water acidulated w^lh tartaric, 
acetic, or sulphurous acid, or sour beer, and adding a pdhion 
to each cask ^f beer when it is sent jbut from the brewery. 
Ropiness of beer is due to an organism which produces a 
gum-ljke body, dextran, and renders the beer so viscous 
that it may be pulled out in strings. The malady appears 
to be caused by Bacillus viscosus, and is more frequently 
met with in lightly hopped beers than in those hekvily 
topped af in pale ales, and is discouraged by increase of 
acidity. A saVcina form, Pcdiococct^s viscosus, has also 
J)een shown to cause this trouble, originating in . aerial 
infection of the worts on the refrigerators. Bacterja also 
seefbte diastatic enzymes® which may render tl^’ higher 
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malto-dejctrins f^rn: entable by yeast, and t^us lead to loss 
of condition by tbe bee? beconipg thin flavour and losing 
it§ palate ^fullness. The acids produced by bacteria rend^er 
beer suur and undri;ikable. Bacterium *accti prr^otes the 
oxidatioUfc'of alcohol and^orms acetic acid, as jk done pur- 
posely in* the manufacture of vinegar. Otliers generate 
,tracd 3 of butyrid and other fatty acids of disagreeable odonr. 
Other bacteria reduce sulphates and sulphites and yield 
sulphuretted ^ Uj^drogen. Casks affected m this way are 
known®as stinkers. 

Zymase. — The enzyme invertase may be extracted from 
yeast by water, to w^hich it is advisable that chloroform or 
toluene should be added. ^ The limiting membrane of the 
yeast cell is sufficiently pcnneable to allow the invertase 
to pass out, but Hitter results are obtained if the yeast 
cells ar^llowed to disintegrpl^ by autolysis. The enzyme 
zymase wich b];bigs about lermentation cannot be obtained 
in this manner, for as this enzyme is irftra-cellular the cells 
reqube to be disintegrated ^rst, as was 4 irst shown by 
Buchner in 1897. He grqund yeast thoroughly with sand 
and diatoniite in a mortar, and then subjected the thick 
doiifeh-like mass tb a pressure of 300 atmospheres in a 
^j'draulic press. The diatoniite is essential both as a filter 
and to act as a support lor the cells, so that the immense < 
pressure may squeeze out tlie fluid contamed in them. 
The great ^urfabe of the diatomite holds back a very con- 
si!8!5rable portion of the enzyme, but a further yield ma^ be 
obtained by rubbm'; up the press cake mih water and 
pressing again. The pressed juice contaiijing the enzyme 
forms a cle^r opalescent liquid which, whef added to wort, 
causes an evolution of carbon dioxide and production of 
.alcohol in the same proportions as when living yeast fs 
usA. Succinic^ acid and glycerine are also formed as by- 
products. Bike living* yeast, it shows specific^ chaiactera 
L fermenting, als9 .dextrose and laevulose,* but not lactose 
or mannitol. That the action is^not due to minute particles 
of protoplasm is evident, since the fermentation goes on 
in the ^presence of chloroforn^ which prevents the*vita> 
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activity of living protoplasm. Moreover it is sfill* active 
when filtered thrdjigh a Ch^mberland filifer. Harden and 
Ypnng, in the endeavour to effect a more complete«eparatipn 
of colloidikhle substance, p£^d the y^ast juice through a 
' Martin filter formed by soakir^/'a Chamberland* filter in 
melted gelatine and aUowing the latter to set in ’the pores. 
Colloidal matter, -^soluble in water, was I'etained oii' thee 
gelatin^, but neither this nor the filtrate were capal^le of 
inducing fermentation separately, although, when mixed 
they would do so. It was thus shown that two substances 
take part in producing fermentation. On the filter was the 
enzyme with other colloidal matter, and the liquid that 
passed through, the filter waSr the ' co-enzyme. Fjirther 
experiments shewed that a hexose phosphate is formed as 
an intermediate compouiid during thfe fermentation and 
again decomposed. The yeast juice suffers a rapid h)ss of 
activity on keeping. This has been shof^n to be due to 
the presence of a ’’proteo-clastic enzyme which not only 
dissolves albundn but also the zymase. Enzymes in a dry 
state are more resistant to hea,t than in the presence of 
water, and retain their activity for a more prolonged period. 
Emil Fischer dried yeast by spreading it in a thin Ihyer 
on glass plates and drying as quickly as possible in a curierh? 

' of warm air, and subsequently heating to about 70° C. The 
zymin or permanent yeast described by Albert was made by 
filtering yeast mixed with alcohol and drymg ;vith ether. 
It forms an impalpable powder, in which the more detailed 
structure of the yeast cell is no lopger recognizable, the 
protoplasm of the cells is dead, but the zymase present is 
capable* of inducing fermentation. 
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Part IV.-WINE 


Ai^coiiowc beverages prepared by the fermentation of 
fruit ju>.ces cdiitaining more or less sugar are classed as 
wines, the juice of grapes being understood when the term 
wine is used without the qualification usual in describing 
British wines, as Current wine, Oooseberry wine, Apple 
wine (cider), etc. These latter are made in countries with 
a temperate climate from white, red, or black currants, 
mulberries, gooseberries, elderberries, or raisins. They 
require addition of sugar or honey before they are 
fermented to msfke up for their deficiency and raise the 
percentage of alcohol to the , requisite amount. Grape 
wines are variously classified as white or red from their 
colour, as dry or sweet on thfe amount of sugar in the finished 
product, and as still or sparkling according to their content 
o^arbon dioxide. They are given geographical names to 
indicate their place of origin, since wines from different 
districts possess special characteristics. Thus we have 
Burgundy, Port,, Sherry, Madeira, Moselle, Klhampagne, 
Tokay, Cafifomian, Australian, Cape, etc. These are 
distinct in colour, fic<vour, aroma or bouqtiet, alcoholfc 
strength, and content of sugar. Taste often demands stroiig 
wines so that* they are sometimes fortified iSy the addition 
of spirit. If brandy distilled from wine is used for this 
purpose the product may still be regarded as genuine, but . 
vfhei^the alcohol added is derived from other sources the 
result is not true vine in the proper sense. The amouiit pf^ 
ethyl alpohol in i.atural wine varies from 6 to 13 per cent., 
with sum quantitieS*of higher alcohols. The acids present 
are tattaric and malic acids derived from the grape- juice'^ 
and tflm^c acid from the sking and stalks with carbqn 
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dioxide, aiicl succinic acid prod^ped by fermentation and 
also a little aCetfo acid. The free^ acid ^present, calculated 
tartaric acid, amounts to 0'3 to 07 per cent.^ The salts 
present ^e chiefly potassium tartrate and phosphate. The 
characteri^ic aroma of wine is ^ue to ’oenanthiq and other 
esters, but some of the constituents which conferethe highly- 
prized bouquet o{ certain vmtages or the wines of parj:icular 
districts are stijll beyond chemical (^termination ; it is 
depci'ident on Uie particular variety of vine, the locality, 
the season, and is influenc'ed by the yeasts. ' The oolouring 
matter hi wine is extracted from the skins by the combined 
action of the alcohol and acid during fermentation, * when 
the skins are left in the Inash, otherwise the juice from black 
grapes, fermented without the skins, gives white wine. 
The browning of wine, which takes i)lsce in course of time, 
and which is known as agemg, is due to the oxidatjph and 
precipitation of the colouring matter ; this chShge can be 
accelerated by the#.addition of an oxidase.* 

Few wines are sold without being mixed. The intoxi- 
cating properties of wine are fbund to be increased by mixing 
them with other wines of a different age and growth. The 
flavour is at the same time often improved. Thus a tbiti 
port is considerably improved by the judicious additio^ 
similar wine of full body, or by a little Malaga or rich sherrj" ; 
and an inferior old sherry may be improved by admixture 
with a smalf quantity of full-bodied wine of the last vintage. 
This art of cellar management is a matter of experiencfttfand 
artistic taste^ and is employed to s6 great an extent that 
pfobably few ^ines reach the consumer in the unmixed or 
natural state. 



Section I. —GRAPES AND THE VINE 

Graphs are 'fruit of the vine, Vitis Vi'^ifcra, of which a 
^reat ifuniber of varieties are cultivated and* many others 
grow wild. It is probable that the cultivated strains are 
derived from wild varieties indige^ious to the countries in 
which, they are grown, as '± has been frequently found that 
vines transplanted from one country to another gradually 
lose their vaiuabk .Iiaractcr and 3’ield grapes which produce 
infcrior^jmies. Not all gm es«are eatable*, grapes good for 
wine are mten suitabk^ for euiing, and the best grapes 
for eating make inferior or bad wine. In, the imripd state 
grapes contain malaUs and ^aHrates chiefl)^ of potassium, 
but as they ripen taiirates preponderate. Although the 
actual amount of acid increases during ripening the per- 
centage is less due principally to the increase of sugar in the 
j^c». In some vineyards the grapes arc allowed to hang 
until they reach the maximum of s veetness and maturity 
and are beginning to decay. Thus highly-fli\youred sweet 
wines as Sa^^lerne and Rheingau are produced, the sweetness 
bciH^ due to inositol.^ In dry and hot climates the gra];^s 
are allowed to pas^L/Jiite or wilt^nd chan^ into rai^’ns 
while still on the vme. These give swedt thick syrupy 
wines as Toiay or, mixed with alcohol, Ivialaga. Red or 
black grapes are vintaged between maximum volume and 
passulation, a.^ the latter destroys the blu^ coloiuing matter. 

dressing an4 MUvSt— The grapes are crushed to extract 
the juice, and the lattcf is then separated ^frt.aii, the skfns' 
and st^s in woo to screw-presses. The juice, or must, 
obtained in this manner when fei^ented yields white winef 
In th^case of red wine it is necessary to allow the skins to 
remain iij contact witli Jthe fermeifting must /or a considerable . 



i64. CARBOHYQR^tESf 

time for the colouring matter to extracted, aud^it is then 
advisable to reifio'\?’e the stalks before the ^apes are pressed, 
otherwise the wine acquires an astringent, harsl^ taste due 
to the taAqins derived therefrom, and takes years to matdre 
and become drinkable. 

Constitueftts of Must— The proportion of mu«t obtained 
from the grapes varies 'from 6o to over 90 pel' cent., accgcdin^ 
as the stalks are present or not. It contains from 50 to 80 
per ce’nt. of water, 12 to 35 of sugar (glucose and fructose), 

2 to 3 of extractive matters (pectin, gums| albuxdnoids, 
and colouring matters), 0*2 to I'o of acid, and 0-2 t6 0*5 
of ash. The ash consists of 60 to 70 per cent, of pdtasli, 

3 to 5 ot.lime, 3 to 5 ot magnesia, 3*-5 to 5*5 of sulphuric 
acid, 14 to 17 of phosphoric acid, and smaller quantities of 
soda, iron, manganese, chlorine, and silicic acid. 

The must produced by, the first pressing yields the 
best wine, the richest and ripest grapes ^ being fiitit to 

give up their juice* while with increased pressure the must 
obtained is frm juice of giapes less ripe, which are more 
acid, and contains more tannins from the skins and stalks. 
The ratio of acid to sugar present in the must has been 
used as a criterion of the quality of the vintage ; « high 
acidity indicating a bad se^on. 

Marc.— The residue after pressing, consisting of the 
skins and stalks, is called the marc, and is sometimes used 
to make inferior wine by fermenting it a^ter the addition 
of sugar. This petiotized wine is distilled to obtain bwmdy 
vnth which to fortify other wine, 6r is used to prepare 
ackate of copper or to make wine vinegar. It is also utilized 
as a cattle food and as a fertilizer. 



Section II.-^FERMENTAJION 

The B^ust fr( 3 m the press readily enters i itq spontaneous 
fermentation from the development of Vvine yeasts which 
are fdways present on the skins and stalks of the grapes, 
or which fall into it^aom the air. Chese yeasts are varieties 
of Sctccharomyces mipsoiieus, and are capable of with- 
standing a high acidity and alcoholic content. White 
wines are fermented iA barrels with the bung-hole left open 
to alfo^ei the escape of carbon dioxide. Valuable red 
wines are fermdjAed in conical \roodeij vats open g,bove, 
since the skins or husks requi^^e to be stirfec^ up during the 
fermehtation. ’• 

Port wine is fermented In shallow receptacles of masonry 
in \xhich the grapes are trodden and, after fermentation, 
Ijjessed. Fermentation in Italy, Spain, and the south of 
France is carried out at 75° to 24° C., and is a top fermenta- 
tion, but in Germany and with the finer French wines, a 
bottom fermentation is made at 5° to 12° C. •At the higher 
tenjperaturft the fermentation takes from 3 to 8 days, and 
the wine produced is« fiery, high in alcohol, ^nd lacking •in 
delicate aroma. At thb lower temperature the first fermenta- 
tion lasts a fjw weeks, but yields a wine of deiicate flavour. 
When fermentation is complete, and the wire has become 
dear, all the yeast and other suspended matters are deposited 
6n tJae bottom of the cask or vat, constituting the lees. 
From this the young wine is racked, i.c, decanted or siphoned 
ofl, an^nm into a dean cask. 

Slow FermentiCion.— -The casks are filled quite full, the 
bung inserted, and the wine alloVed to remain at rest fof 
severed, weeks to undergo the ^ow or still fermentation 
during which -colouring matters, albuminoids, and, acid* 
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potassium sulpliate, separate out and form a crtlst called 
argol. After this the wine isF usually quit^ clear and bright, 
aild after vbeing racked into fresh casks for stgrage usually 
remains so. 

^ Storage aqd Treatment.— Mcfny chemical changes occur 
during the time of storage whereby the^ wine becomes 
matured. Various*^ esters arc formed from the acids present* 
and brkig out the bouquet or aroma. * In ^consequence of 
the loss of alcohol by evaporation durhig storage the cjntents 
of the casks diminish in volume, and it is necc.ssary to^add 
more wine from time to time to keep the cask full lest tliere 
should be a development of moulds* and bacteria which 
would spoil the,,wine. White wilies do not clear so \fcll or 
so quickly as red wines, „ and although frequent rackings 
tend to help the clarification, this method is generally not 
sufficient to make white wine quite clear. is 

therefore had to §nbigs. Isinglass softened with wine is 
added and roused* up with the wine. Brandicd white wines, 
such as sherry, are fined with»wliite of egg. Coarser 'khids 
with skimmed milk. vSpanish earth, kaolin, and gypsum 
are also used to clear and brighten \vines. Pasteurking 
wine at 6o° C. stops the tendency to acidification and other 
diseases to which it is liable. Marble was formerly added 
to acid wines to correct excess of acidity, but Gall’s method 
is preferable.* The acid juice is diluted wijh water, and a 
quantity of sugar added to bring the sugar coitLent tojhe 
ncflmal amoujit before fermentation The method also 
all(y.vs of the sour must of bad seasons, 'which will not ferment 
of itself, being utilized. The addition of planter of Paris 
to must, or to the finished wine, technically called plastering, 
evidently causes the wine to clarify more readily than it 
otherwise would do, but injurious effects have been attribjited 
to tho acid potassium sulphate formed by the reaction with 
the tartrates, and several countriek have fixed a limit of 
2 grammes of potassium sulphate to the Klre as the maximum 
Allowable. ‘ 

.5weet, Dry, and Effepescing Wines.— vSweet *wines 
are produced either by the incomplete fermentation of the 
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sugar pre5bnt in sP rich must or by a^iuon ot sugar to 
the must or wine/ or by the addition o^ alcohol to arrest 
fejmentation Jjefore aU the sugar is fennented. When atl 
the sugar ^ is exhausted during fermentation dry wine is 
the result*^ Effervescing 'Ivines are obtained by bottling 
the wine befor^ fermentation is completed. The carbon 
tiioxiie pioduced is held* in solution un^er pressure, and 
when* the bottl^ i? opened the escaping* gas causey the 
efferve^ence. • Tf carbon dioxide is iiit^cduced into the 
bottk from an extraneous source, as ir making aerated 
waters, the wine is liable to yield a deposit on keeping. 

Medicated Wines ?ind other Alcoholic Beverages.— 
These ’are wines containing*medicmal drugs'; the' 'following 
are given in the BriJ^ish Pharmacq^^oeia, namely Antimouial 
wine*. Colchicum wine. Iron wine. Wine of Iron Citrate, 
IpecacilSfci^ Vv'ine, Sherry .ine, Orange wine and Quinine 
wine. The basi^ftiay be either ‘^lierry or orange wine. 

A number of whines are sold containing* small quantities 
(ff mekt extract, these are not regarded as medicated wines 
by the revenue authontids. Sake is a Japanese drink 
prei:j^rcd by the fermentation of rice with the mould 
.\^peygillus oryzcr \ it contains about 17 per cent, of alcohol, 
andTs a light yellow colour. 

Toddy is a similar beverage made in India by the 
fermentation of. the sugar in the sap of various palms. 
ArxA^k is dbtained by distilling toddy ; it is exported from 
Ceylon to the United Kingdom, where it used as fin 
ingredient in making punch." 

Koumiss,^ the drink of the Tartars of* South \yestern 
Asia, is obtained by the fermentation of mare’s ^lilk ; in 
Switzerland an imitation of the Russian koumiss is made 
fror^^ cow’s skimmed milk, which is sweetened, and fermented 
with yeast. 
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Lees. — The .solid matter deposited in the* fermentation 
vals and casks at the end of the primary fermentation is 
termed “lees.” It consists of impure hydrogen pota&ium 
tartrate mixed ^ with y^st and othe; organic substances, 
and when’ mixed with water is extremely difficult to filter 
unless it has been previously subjected to steam heat for 
some time to destroy its sljmy, colloidal nature. Tl^e lees 
from plastered wines contain calcium tartrate^iStead of 
the pptassium salt, consequently it is not of much value 
for the manufacture of tartaf . 

ArgoL— Argol is the thin chust which forms a crystalline 
deposit on the sides of the fermentation vessels, and its 
40 to 70 per cent, of tartaric acid is present chiefly as 
potassium hydrogen tartrate. Its solubility diminishgs 
with the increase of alcohol diuing fermentation, and the 
amount of the deposit formed is some indication of the 
strength of the wine. By extracting argol* or lees with hot 
water and recrystallizing the potassium salt is f urifiedjfcthe 
operation beipg aided by the additicfti of clay and animal 
charcoal, the latter having been previously freed from its 
calcium phosphate by treatment with hydrqchloric add. 
The product is known as tartar and, from the circumstance 
,that a hot saturated solution when suddenly cooled becomes 
covered with a dense layer of white crystals, it is tesmed 
cream of tartar. * 

Tartafic Acid.— Tartaric acicf is ‘manufactured from 
tartar by dissolving it in water and adding whiting chalk 
hntil effervescence ceases, 'the solution being stirred mean- 
while and heated by stean?. Calcium tartrate and deutral 
•potassium tartrate are thus formed. The pqtassiunS tgyrtrate 
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is then decftmposeif by iJoifing witJi caldnTn,snJif>hate derived, 
from a previous opdtation whereby the whde of the tartaric 
acid is converted into insoluble calcium tartrate and potassium 
sulphate which remains iA solution, and which is run off 
to be crystj^'zed as a vai^ble by-product. The calcium 
tartrate is washNd with cold water and decomposed with 
^ fhe csuculated amount of* sulphuric acid “'to form calcium 
sulphate and fre^ tSrtaric acid which remhins in 3ol\ition. 
The solytion ii? ’concentrated in the vacuum pan at 50° to 
55'’ C* and crystallized. In order 'to obtain crystals of good 
colotrt- the acid is redissolved, heated with animal charcoal, 
filtered, and again Cii'^stallized ; tfce addition of a little 
sulphufic acid facilitates ci^'stallization, ^le add is less 
soluble when sulphujic acid is pre^nt. Tartaric acid from 
its pleasant acid taste is used in effervescing drinks, and in 
medkin1^-it is also largely used m the ‘manufacture of 
dyes, in dyeing, mfd in calico-prirting. 
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Fart V.-DISTILLATfON* 

Section I.-GRAIN ^MRIT 

Starch is th*c source of bV far the larger part of sugai;.froiu 
which alcohol is obtained ; the starchy material ia first 
ground and treated w^th water to ^gelatinize the starch. 
This forme the mash," which m then saccharified b>* means 
of malt, which is usually germinated barley ; the resulting 
liquid is known as the “wort," and consists chiefly of 
maltose and dexvrins. TheVort is then femient^hy yeast, 
•which converts the sugar into alcohol, ‘•and the resulting 
liquid is known as the “ wash.” Finally the wash is distilled 
to separate tile alcohol, which is subsequently “ rectified " 
by further distillation to such* a degree of strength and 
purity as may be desired. 

If molasses or beet roots are used as the source of alcohol, 
malting is unnecessary, a solution of the material is prejlared 
to contain a suitable proportion of sugar and fermented 
directly. * 

The following cereals are used in the pmduction of 
aV^ohol : barley, rye, maize, millet, (jats, wheat, rice, ragi, 
guj^iea-corn, ^nd buckw^heat. « 

Malting arid Mashing.- These starchy substances aie 
generally mixed with two parts of water and steamed under 
pressure in a conical iron vessel known as a “ converter," 
The temperature being maintained at about ,80° C. After 
steaming for about two hours, a valve in the bottom o^ the 
•converter, is opened, and the charge is passed into a mash 
tun fitted with rotating stirrers, whect the gelatlnization 
finishes as the mass cools down ; the cooling being assisted 
by means of an external water jacket. When the tempera- 
^tute reaches 50° tp 55® C. afeout 4 per jcenf. ot malt^is mixed 
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with the mash, the aiIect*o£*maltii^ is tf' develop the enzyme 
of the barley know^^ as diastase^which coVverts the’^starch 
intct sugar. 

The barley used to §et uc artificial germination is steeped 
in water fc5: 2 to 4 days, y tiring which period it absorbs 
about one-half ol^ts weight of water aijd the gfain becomes 
♦s^ftenetl ; calcium bisulphite is often added to destroy, 
haiiiiiiil micro-organisms. The steeped barley is ^ then 
spread put in a 4 evel heap upon the malthodse floor, where 
iL couynences to germinate, it absorbs ox>"gen dnd gives off 
carbou dioxide, as the growth of the embryo proceeds a 
small white rootlet appears at the ^nd of the corn ; when 
the growth has proceeded lar enough llu heap is spread 
out more thinly to allow the grain .to gradually dry. The 
temporature*is not .^ifowed to rise at)Ove 15 '5° C. 

WJi^i^'^he firying is coi' iletfi the product is known as 
green malt, ano it is then 7 amoved to the drying kiln, where 
it is gradually dried more completely, the.temperatufc at 
the finish reachmg alu.ut loo^^ C*. 

The length of Ihiie vvhich is allowed for germination 
depends upon the use for which the malt is required. For 
distilling and vinegar making the usual time is 20 days, 
^wiiile^the kiln drying occupies 3 or 4 days. 

The conversion is complete when the solution no longer 
gives a blue colour with iodine, the time required varies 
from j to 3 lipurs ; the mash is heated at this stage to about 
75® C. to destroy injurious bacteria with which the woi^ 
may have become iiiiocted. A bettei method \v'hich is n^w 
being adopted is to add a small quantity ^)f hydrofluoric 
acid or ammonium fluoride during fermentation. 

This is not harmful to the diastase, while raising the 
temperature isjliable to impair the micro-organism. 

A?ter settling tthe wort is run off and the residual ^rains^ 
extracted again with h. 9 t water, the weaker wqjts teiftg 
used for\iashing tht 4iext charge. The temperature is now 
allowed to drop to 20° C., and the solid matter renioved,# 
the solution is then ready for fermentation with yeast, its 
specific gjavity .being between r 8 ^o and i'P 55 - 
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Fefmentati9n.— The WchaiifiGd w^'rt obtained in the' 
manner described* is run in^o fermenting vessels and treated 
.with yeast to start the fermentation ; special dfetillii^ y^ast 
is used, that is, selected culture yeasts adapted to distilling 
conditions. If pressed yeasl^ \i added about*^2 lbs. are 
employed fot every 700 gallons of wort. /Usually, however, 
,a preliminary fermentation is niade in a good mafe wo>t,4 
this provides a culture of vigorous yoitng yeast cells,, and is 
added to the idain wort in the proportion of, 4 to 5 ^er cent. 

During fhe early stages of fermentation the growth of 
harmful bacteria is checked, in the past lactic acid wag used, 
but now antiseptics, to^ which the selected yeast has been 
acclimaijieed, ave employed. The following substanoes have 
been used : bismuth nitrate, calcium bisul];)hite, hydro- 
fluoric acid, ammonium*fluoride, the fatter being now most 
in favour. 

In the early stages of fermentation ^there is a rapid 
development ot yeast, for which the best temperature is 
about 17° to C. ; the temperature rises as the operation 
proceeds, and the main fermentation in which the maltose 
and dextrose are transformed into alcohol occurs best at 
26° to ^0° C. At this temperature a secondary reaction 
also occurs, any dextrins which remain are acted upon^)y 
the diastase and gradually cpnverted into fermentable 
sugars, whiqji are then attacked by the ^yeast. The chief 
fermentation is over in about 48 hours, but tlje wort^ngw 
l^own as wash, is allowed to lemain^, another day at 25° to 
26° C. to coiflplete the process. , 

The wash is now ready for distillation, and contains 
about ‘4 J to 7J per cent, of alcohol, when the' original wort 
before fermentation has a specific gravity of 1*030 to 1*055,' 
*as is usual in most distilleries in this country,. 

The principal changes during fermentation are— 

" (i) pfhe conversion of maltose into dextrose. 

Cl2H22Oxi+H2O=2C6Hi2^0 

. Maltose. Dextrose. 

This is brought about by the enzyme maltase con- 
taided ill ordinary yeast. * 
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(2) The ’'decoihpo^tiQtt of the, dextrose into alcohol 
and carfion digxide. 

C 3 i[l 2^6 “f" 2 C (52 

Dextrose. Alcohol. 

Irhis change is *prodtJ^<^ by the action of another 
yeast enzynK, n^ely zymise. 

^ However, m^y secondary reactions Result according 
to the nature of th^wort*and yeast, chie^ among the by-* 
products as regtyids quantity are glycerol, fusel oil, sdecinic 
oflier fatty acids, aldehydes, and vari6t'.s esters. 

A^:omplete conversion of starch into sugar and alcohol 
is impracticaole, the theoretical quantity would be— 

Fram dextrose, C6T:ii20* . . 51 per cepj;. 

„ maltose, sucrose. Cl 2H22OH 53 ‘8 • „ 

. „ starch, CJli^Os . . 56-8 

About *SiBrsevertths of the tb jretical yield is obtained. 

The Amylo iirocess of Fermeatation.— Certain moulds • 
secrete diastase and also femientatioh , enzymes. •This 
property has been uti!..ied in ajhrocess of combined sacchari- 
fication and fermcr.tativu,* whereby the use of malt is » 
dispensed with in obtaining alcohol from starchy materials. 
Moufes possessing this property are Amylomyces Rouxii, 
p, Miicor y, and Rhizopus Delmar, the last three are 
now generally used, as they^produce le “^s acid than A . Rouxii, 

The fermentation stage, using moulds is^a slow one, 
and to hastqji it yeast is added ; advantages claimed for the 
amylo process are a btjtter yield of alcohol, a purer produqf, 
as the conditions of woijjiii^ exclude bacterial contamination, 
and an economy of malt ; a single gram of the moul(f is 
sufficient to ‘convert 25 tons of maize, ^^ompared with 
•operations where 10 to 12 per cent, of malt is used, when 
this one gram, of mould is employed, there is a saving of* 
aboift 3 tons of ipalt. 

In this coiintry a legal obstacle prevents tLo ^se of the* • 
amylo process; iUjs a statutory requirement that the 
specific gravity of distillers* wort before fermentation shalj 
be ascertained by means of the saccharometer, and, of ixiurse, 
this is n^possible. . 
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Distillation. — To sepfirate alcohol 'from the by-* 
products^the" *ini^ture is distilled. ^ There are two processes 
in use, the pot st'ill and the patent: still. ^ 

Where malt whiskeys are produced, and it is the object 
of the distiller to retain in t^^e /jroduct some of the esters, 
higher alcohpls, and other bodits which ^ve tie spirit its 
charact&istic flayoui', the apparatus employed is the pot sti^. ^ 

Pot Still. — This consists of a! boilii^ vessel with a retort 
head Und a worm condenser ; or the head may be attached 
to one or ^jiore fractioijating vessels simifar to Woulfe's 
bottles, through which the alcoholic vapours pass before 
reaching the condenser. Usually the pot still is headed by 
the direct flame of a tonace, though Steam is now frequently 
used as tie heating agent. 

The spirit producedi.by the first distillation is always 
impure, and has a disagreeable odour and taste. ,and is 
known as “ low wines.” On redistillation of llCe'tow \vines, 
the gnst portion the distillate, known as ” fore shots,” is 
contaminated^ with oily matt+ers ; as the distillation ppceeds 
the oily matter diminishes, dud where no turbidity is pro- 
duced on dilution with water the spirit is considered suflici- 
ently pure to be collected as potable alcohol. At the end 
of the process the spirit becomes oily again, and is kpocvn 
as “tailings.” The “fore shots” and “tailings” are 
together known as “feints,” alid are redistilled with the 
succeeding “^ow wines ” ; it is usual to have two separate 
stills for the two distillations. 

^ The residue from the distillation bf the wash is termed 
“ pot ale,” and from the low wines‘ is called “ spent lees.” 
The former is sometimes evaporated and the, product used 
as a fertilizer. 

Patent Stills.-— By far the greater quantity of ordinary 
alcohol is distilled in a patent still, the inverttion of Aeneas 
♦Coflay. In this process the alcohol is expelled by blowing 
' steam thfough*^^ wash which is spread in layers over a 
considerable surface. The wash enter's at the top of the 
btill and passes downwards over a series of perforated 
copper plates in which are^small orifices, .where tht liquid is 
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^inet by the 'J^rising steam. Thj Itt^er bubbliftg through 
the perforations h^ats me wash and iHirits elf, the alcohol 
valour, so that b}^ the time tHe wash reaches the lowest 
plate, it has been deprived of all its alcohol. The 'alcohol,* 
steam, and yolalilc iinpuritfcs pass to the top of the apparatus 
which is kJjpwiL as the “ alialyscr," they are then led into 
the bottom of a limilar column of perforated plate? termed 
tfie “ rectifier,” where a process of gradual cooling take^ 
place by the a" tipn of the pipe conveying tj^e cold wft^h to 
•the analyser. ’The alcoholic vapours p -osipg upwards 
through the plates* into one cool chamber after another 
become cooled, and deposit more and more of their water 
as they near the top, » finally cond«ising as strong alcohol 
on an ^imperforated coppei^ sheet, and pas^ng out. The 
strength of t.he spiriUthus continuf^sly obtained is 94 to 96 
per c^nt. by volume aS against^ 90 to 92 per cent, by the 
pot^tfli ” 4n( . hod. 

Various othei* ^ continuous sliUs ” ha,ve been patented, 
but their essential principle is, similar to that of Coffey's 
appal atus. 

Rectifying. — When r.lcoliol of special purity is required, 
it is turthc r pnri'''ed by special rectification. This is usually 
dqpe by diluting the spirit with water to a strength of about 
45 to 50 per cent., and redistilling it. ” Intermittent ” 
stills which fractionate the di lillate (the impurities being 
in the first ardJast runnings), and ontinucflis rectifying 
stills^re use^ lor the purpose. 

Purification by treatment with wood chq^coal i§ alj^ 
employed, the eliect is Mainly a chemical one due to oxida- 
tion. This filtration may either precede or fo”ow a rectifica- 
tion by distillation. Ihe Spiritus Reciijicatvs or JUcohol 
(90 per cent.) of the British Phannacopceia is defined as, 
a .jpixture of ethyl hydroxide and water containing in 
100 parts bv \ . lutne, 90 parts by volume of ethvl hydruxidc,* 
Spec »c gra’^ty 0*8337.” It contains 85*68 * 
per cent, by vxdght*< 5 f ethyl hydroxide, and 14*32 per rent, 
by weight of water. 

It ^hquld be noted that on jccount of the co^tfactipn 
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wluch occurs, Alcohol (90 per cent.) would not be given^ 
by mixing ,90 vplumes of true' ausoltfce alcohol and 10 
volumes of water; 

Absblute Alcohol.— Anhydrous alcohol 4 s prepared by 
digesting 95 per cent, spirit with atout^one-fourth or one-fifth 
of its weight of quicklime for sodne days, an^d then distilling 
oft the alcohol slowly from a water bath Ejecting the first 
^and last portions ; the resulting product is then treated 
again fin the sapie way. 

When strong spirit is not available it may be j>btained 
by distilling weak alcohol first with potassium carbonate 
and then with fused calcium chloride. • 

Other substances which have beon used as dehydrating 
agents are barium oxide, calcifira carbide, metallic Sodium, 
and metallic calcium, bpt, on the whpje, quicklime appears 
to be the best dehydrating agent! * 

Commercial absolute alcohol usually cont^|ns^wW.er in 
quantities varying from about 0*5 to IV) per cent. The 
absolute alcohoJ of the Bri|:ish Pharmacopeda is defined as 
ethyl hydroxide, C2H5OH, with not more than i per cent, 
by weight of water. vSpecilic gravity (at I 5 * 57 i 5 ' 5 °) from 
0794 (equivalent to 99*95 per cent, of ethyl hydroxide by 
volume .and by weight) to 07969 (equivalent to 99-4 j>er 
cent, of ethyl hydroxide by volume or 99 per cent, by weight). 
The test prescribed to exclude excess of water is as follows : 
Anhydrous copper sulphate shaken occa^onally during 2 
or 3 hours with about 50 times its weight of abrolute ajcohol 
does iiot assvime a decidedly blue colour. 

^Proof Spirit.— Proof spirit of the British Pharmacopoeia 
has a specific gravity of 0*920, which corresponds to a strength 
of about 49 per cent, by weight of alcohol. The term 
** proof spirit ” is very confusing to many people, and might 
with advantage be abandoned. Of this thera is little diance 
•at present, as it is adopted in several Acts of Parliament, 
and is the scale to which Sykes' 'Hydrometer, used by the 
Excise, has reference. The Excise •formerly tested ' the 
‘strengthof spirits by pouring a certain amount on gunpowder. 
A Jight was then applied. If the spirit was above ^ certain 
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.strength t>f thejtinpowdef i’-Umately irifiamed, but 
if weaker ^e gunfowcrer was too mrdi#Bioi 5 tenjd by the 
water to be capablb of e^losioh, and thS sample was said 
to 4 )e unSer* proof/' Ev Act of Parliament proof spirit 
is flow delified liquic^f such density that at 51° F. 

13 volume8i,i:h^l weigh ,tlfe' same as 12 voliynes of water 
at th^ame iei\)erature. The proof* spirit thus produced 
ffas a spedflc gravity of o'^i984 at 6o°/6o F., and containS 
49*28 ^er ceil!, of aioohol by weight, and 57^10 per cCat. by 
volume^t 60° F. , 

Spirits weaker than the r.bove are described as being 
so i^iiy degrees under proof, or so much per cent, under 
proof fU.P.). Thus, %y the term 2« per cei\t. or 20 degrees 
“ ui\der proof '' is meant a liquid containing, at F., 80 
volumes of proof spirit and 20 of water. Pure water is 
100® * jmder proof. Oh the oyier hand, ^liquids stronger 
than«proof «p''it are desermed according to the number of 
volumes of prdbt spirit 100 volumes .would yield .when 
suitably diluted with water. .Thus spirit of 50° O.P. is 
alcohol of such a strenr^h that 100 volumes at 60° F., when 
diluted with water to 150 Volumes, would be proof spirit. 
Owing to the c'^ntiectioii which occurs on mixing alcohol 
wUh water, the volume of water it would be necessary to 
add*in this instance woidd be considerably more than 50 
measures. Absolute alcflhol accordingly' is 75*25 O.P., 
and contains 17^*25 per cent, of proof spirit, fdt 100 volumes 
when diluted with water would yield 175*25 volumes of 
spirit at ** proof." 
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Brandy is an abbreviation of '* brandy wine/' ‘signifying ' 
burnt 'or distillcyil wine. It is usually defined as a spirituous 
liquid distilled from wine matured by age. '"Real Qognac is 
distilled from grape juice, and is tlie most sought-after 
brandy ; the grape is white and small in size and is grown 
on a calcareous soil. <A. simple pot still (see p. 174) is 
generally used^ and there are usually two distillations: the 
first corresponds to the “ low wines ".pf the whiskey, it is 
very impure, and has a disagreeable odour and taste. The 
second distillation corresponds to the “ spirits. - 

pot still varies in capacity from‘^ about 150 to 200 
gallons, is usually enclosed in brickwork and heated by 
means of a furnace, wood being used as fuel ; some stills, 
however, are provided with steam pipes and jackets. 

In a few districts the spirit is produced from one con- 
tinuous /distillation. Obtained in this way it is not con- 
sidered so fine as that from the pot still, but is of a liigher 
strength and suitable after flavouring for liquors. 

The strength of the wine used varies j^rom 4'5 to 9 per 
cent, by weight of pure alcohol, or approximately o from 
i\) to '20 per^jccnt. of proof spirit ; the quantity used in the 
process is relatively great, the amount of brandy produced 
being pnly 10 to 15 per cent. 

Tl^Sc finished spirit as run from the still contains about 
64 per cent, by weight of alcohol equivalent to a strength of 
about 25 over proof. When new, brandy is •colourless ; for 
.sale it is diluted in vats and coloured eith^ by the addition 
of caramil, or acquires a yellowisH-brown colom by storage 
in oak casks. Genuine brandy has a ^Vveet mellow flavour, 
‘whilst, inferior and fictitious brandies can usually be 'recog- 
nized by their fiery taste. 
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The priiK^pal cons^itijents of brandy are acetic, butyric, 
cenanthic^ and valerianic esters, acctio*«d^ ^jolatile oil, 
tannin, and colouring ipatter. * The flav?)ur is due to the 
cenanthic est^r. * 

• Frafic<i is tl^e chi^f brandy-producing country, and the 
name cogft^c dclinec^ bl"^ French law lo be applied only, 
to spirits prodiVced from wine grown certain specified 
Sistricts. 

British brandy *is made by adding flavouring nTaterials 
such a# esters* 'bitter almonds, spices, etc. to spirits made 
froiip grain, and is chiefl}^ used for cooking purposes. In 
Fraifbe, “ eau-de-vie,” which corresponds to the brandy of 
this country, is appM<.d to spirit tnade fr<jm a ^variety of 
fruits.* Brandy is also produced in vSpai i, *Egypt, Algeria, 
South* Africa, and Australia. The Egyptian brandies are 
said 'to be distilled frofn curraiij grape groyvm in Greece and 
Asia*^f!nort 

“ Marc ” brftfldy is derived from Jhe skins of grapes 
after the juice has been extracted ; it is irSe^ for flavouring 
otlier spirits. * 

Rum. — The name is probably derived from “ rum- 
bullion,” an old D(?vonshire term for an uproar, the word 
b^ing subsequently contracted to rum. This beverage is 
the *product of distillation of the sugar cane ; the chief 
source of supply being tht West India Islands and British 
Guiana. In France it is distilled from beetrodt. 

Inhere dre two distinct types of rum in commerce, 
Jamaica and Dtmcrafti (British Guiana), the c^ief difference 
being that the formot*is the result of slow^fermentaticfi of 
wash of high^specific gravity, while the latt^»' is the product 
of wash of low specific gravity and rapid fermentation. 
The nature of the soil and therefore the products from th^ 
sug^r cane also affect the quality of the lum. 

Jamaica lun! wasli consists of the following subs^ances^ 
mixed ^th wa. : (i)^iolasses ; (2) skinfmingf from the 
sugar boiler which* ^our during storage ; and (3) dunder, 
i.e. residue which remains in the pot still after the distajlatiofl 
of th5 .rpm ; this is fermented ^nd then distilled *in a* pot 
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still. The slow fermentatipn alloyyrsjof the development of 
bacterial f.ctlcA & addition to th^ ^alcofiolic fennentation 
produced^ by the yeast, and’this appears' to be g.n essential 
feature in producing the qualitv and flavour which "is 
characteristic of this rum. TlHs tlavciui is due to esters' of 
acids 0^ high molecular weigtil resulting ^frord' bacterial 
decomposition of, the dead yeast found in the distilling 
materials. Thesf. esters are absenl in rupi produced without 
dunder*' or acid skimmings. 

Demerara Ruin.--In British Guiana tlie washtflsed is 
prepared by diluting molasses with water and rendering 
the solution slightly acid with dilute sulphuric acid in 
quantity .sufficient to sdc free the colnbined organic acids, 
but not enough' to leave any free sulphuric acid. The reason 
for making the wash acid is to guard against excessive 
propagation of the butyric;, and lactic organisms, ^hd to 
render it more suitable for active alcoholic fermentations. 
Ammonium sulphate is sometimes added to' ’supply available 
nitrogenous f<?od[ for the yeast Thus in Demerara rum 
there is a rapid fermentation*^ dp to yeast action, and the 
bacterial organisms are not allowed time to develop appreci- 
ably. Both pot stills and continuous Stills (see p. 175) are 
used in distiUing Demerara rum, and the proportion of esters 
produced is low compared with Jamaica rum. 

There arc three classes of J anfaica rum : — 

(1) For*home consumption. 

(2) For consumption in the United Kingdom. 

(3) Foirexport to Europe, chiefly Germany. 

^Rums of thQ third class are ferm'ented for 2 to 3 week§. 
and the process is conducted in a strongly acid wash ; they 
have an abnormally high proportion of esters, and are 
mainly exported to Germany, where they are used for 
making artificial rum by blending with neutral spirit. 

Rum 'contains a high proportion of volatile adds, and 
owes its tfavouf mainly to a mixture of esters, chiqf among 
them being ethyl butyrpe, formate^^and acetate; the 
colourpig matter employed consists of caramel. “When 
new, rum has gather a disagreeable odour, but,th^ true 
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flavour develops by stlriflg in wbodes: ca§ks^ :^d continues 
to improve for 8 05 10 ytars. 

• The strength of rum imported into the United *Kingdom 
vasries from 20 undeu prSof to 50 or mdre over proof, the 
average b^ng ^5 over pr^of, equivalent to 77 per cent, of 
absolute alcohol. The British Customs distifiguisbpbetween 
turns trom Jamaica, rums from other sugar cane-producing 
countries, and imiltition rums, a teri# applied to spmts of 
rum oljaractei>made chiefly in Germany bv the addition of 
heawly flavoured turns rich in &ters, to plain spirit from 
potatoes, or beet molasses, with the addition of colouring 
matter. • ^ 

Whiskey. — The early history of whis&y iff somewhat 
tmcertain, the tern^ does not seeyi to have been employed 
until the latter part of the eighteenth century ; its intro- 
ducl^Sh in*^ Uurope is du^ to\he Arabs, hut in the grape- 
growing countries the spirit i'' natmally produced from 
wine, whilst in Northern Europe grain is used. 

The finest whiskey is manufactured iif Scotland and 
Ireland from malt or mixed malt and grain ; there are two 
processes in use. the pot still and the patent still. 

^ In Scotland two distillations only are usually made. 
FirSt, from the “ wash still,” from which the whole of the 
volatile constituents are, collected as “low wines.” The 
“ low wines ” a^e redistilled from a similar sti]}, the distillate 
b^iflg collected in three fractions, viz. : (i) “ fore shots ” ; 
"*(2) clean spirit or whiskey ; (3) feints. The fore shpts ajjd 
feints are added to the “low wines ” of the*iiext distMng 
^^riod. The whiskey fraction is generally run off at a 
strength of 1 1 to 25 over proof. 

In Ireland the pot stills are larger, some having a* capacity 
of 20,000 gtjlons; three distillations are made, and thfc 
fractions are more numerous than in the manufaciore of 
Scotch whiskc' ; the strength of the “ wJiis«.tAj ” ffactiok 
being S5.to 30 oves^roof. 

The patent still, the invention of Aeneas Coffey (fpr 
description, see, p. 174), has been increasingly empli^ed for 
the, paiiufacture. of. whiskey, •e^dally* in Ireland. • The 
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spirit obtaiii^^.,fr<'pi the patent s\illf is stronger <han that 
from a siniple J)ot litill. 

' vScotch whiskeys may be divided into the /olLwing five 
principal classes : fi) Highland* mtlts | (2) lyOwland malts ; 
(3) Campbeltowns ; (4) Islays, ujl made frcpi ijralt in pot 
stills ; f)) grains, a * name given to patent still. Irish 
whiskeys have no' similar classification. The first four all 
contain* a peaty /davour, peat being us6d jn the curiirg of 
the malt. 

The primary constituent ot whiskey is ethyl alcohol, 
the characteristic flavour is due to small quantities (rarely 
exceeding ^ per-cent, of the alcohol present) of esters, acids, 
higher al( 56 liols ^ and aldehydes ‘produced during inditing, 
fermentation, distillation,^ and maturing. These products 
are known as “ secondary constituents.'’ 

The flavour of newly-distilled whiskey is ^^rude .,and 
unpleasant, particularly in the case of j5o<: still whiskey, 
which contains •more “ secondary products " than the 
patent still. storage in wo(xien casks changes are brought 
about in the character of the secoiidar}' constituents, with the 
result that the flavour is improved ; this process is " manur- 
ing." Parent still spirit costs less to manufacture than pqt 
still, and if the two are mixed, a milder, more uniform, hnd 
cheaper product is obtained ; by cnixing immature pot still 
spirit— which vs naturally cheaper than thf fully matured 
article — with patent still whiskey, the unpleasant tasl^ of 
tlftj fojmer is^^ toned down so* that lihe mixture becomes 
mor^ palatable. The proportion of* pot still whiskey in 
cheap blends depends on the price ; the cheapest may^ 
contain qs little as 10 per cent. 

Gin. — This word is a corruption of the word “ geni^vre," 
or junever, the French and Dutch equivalents respectiYely 
fpr jupiper, which is the essential flavouring ingredient. 
It a spifituouG liquor, usually manufactured in a j)atent 
still, and made from cereals of which iflliize, malt, and rye 
are the chief. The princi{)al flavouring ingredients nsed 
besides juniper are angelica root, almond cake, cassia, buds, 
gredsote, ^turpentine, and fiquorice powder ; th^ gin is 
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usually reCPtified tvfice, |n<I then flavou*ed distilla- 

tion with the juniper befties and other ar»ma#ics.* 

•The principal varieties are the English “ gin/’* Gene vai^ 
Hollands, and vSchnapps, ftie difference be’lng one of flavour, 
and each n'janu<|icturer hasjks own recipe, which is preserved 
as a trade secret. 

• Geneva is made from -a mixed wash *of malted barley^ 
rye, and maize in Iqual proportions, the •fermented, wash 
being ^stilled 4 fi a pot still and subsequently flavoured. 

Hollands is saiQ to be made *as follov^s : a mixture of 
2 paflrts of ground rye, with i of ground barley malt is 
mashed with about a gallons of^water for each cwt. of 
mixed* meal. When the nfashing is complete ttfe specific 
gravity of the wort* is reduced b^^ cold water to between 
1033* and 1038. 

ItTs th<pi r^rrnented aii« distilled ; juniper berries and 
a little salt are added to W first distillation, and the whole 
is redistilled. The spirit which now passes. over is flavoured 
wil h essential oils. ■» • 

Sweetened gin is made' by the addition of sugar syrup 
to plain gin. Plvmouth gin is a special variety used exteii- 
siyely in the W'^est of England, the characteristic flavour is 
saidT to be due to ether resulting from the addition of a 
little sulphuric acid. • 

The adulterg,tion of gin, except by dilution with water, 
is not comn^on, alkaline carbonates, alum, and salts of zinc 
and lead have, however, been foiuid. Gin usually contains 
38 to 50 per cent, oi alcohol by volume, or 6^-5 to 87-.'^ per 
^ent. of proof spirit. In England it may nc< be sold below 
35 under proof unless declared to be diluted. 

Potato Spirit.— Potatoes contain on the average 20 per 
cent, of stale, h, which is used on the Coiitinent for makmg 
alcohol ; in ' 'joi Cretmany had 12*5 per cent, of .her^'irable 
land planted w‘ h potaloes, the yield being 2o5j3Ushels*of 
60 lbs.* per a-'ie. 1908 about 6400 agricultural potato 
distilleries were in operation in Getmany , producing .84 niilliqp 
galloft§ of alcohol ; the production of sjiirils fronf other 
sotirces in thc.t country being iiisignif^cauU 
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With suitable ^avourings it is tlse| for produdicl artificial 
whiskey, f iim,(-braiidy, and aven wihes. ; 

" Liqueurs and Cordials. — These beverage^ ate strongly 
spirituous, and tisually sweetened compounds flavoured 
with aromatic herbs, essences, fruit extr^Tict^'and often 
coloured* Thlre is no real diflerehce between them, but 
the word “ liqueul is usually applied to foreign prdduct^, 
whilst^ the British preparations are termed cordials/ ' 

The blending of the flavours in high-class preparations 
is the art of an expert. ' Hence care ife taken to h^ve a 
highly-rectified neutral alcohol and pure white sugar on the 
fundamentals, in order l^at the flavpi^r of the final product 
may not be impaired. 

Grape spirit is used^ in high-das^ liqueurs, but the 
commoner varieties are manufactured from grain spirit. 

The flavouriilg ingredients are treated in ^one *qI the 
following methods 

(1) An essence is obtained by macerating the ingredients 

in alcohol, distilling the mixture, and rectifying 
the distillate. 

(2) An alcoholic extract is made by digestion of, the 

^ ingredients and filtration, without distilling. 

(3) For inferior kinds an essence is prepared by sifnple 

solution of essential oils in alcohol. 

In all thwe methods the resulting sqlution is mixed 
with the required quantity of sugar, syrup, gnd alQphol, 
coloured, if necessary, darified*, and filtered. 

The redpes for the better liqueurs, such as chartreuse, 
are, of course, tVade secrets. 

Physiological Action of Alcohol.— From time im- 
memoHal the action of alcohol on the human body has been 
k controversial subject, and upon many points contrary 
opinions have been held . The Advisory Committee appointed 
by theCeqJralCpntrol Board (Liquor Traffic) haveput)lished 
a report dealing exhaustively with the subject, and suggesting 
basis for further research. * The following is a summary of 
the uifanimous conclusions of the Committee : — 

'Alcohol as ft«Foqd. — Alcohol is completely and rapidly ' 
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absorbed <rom the sto|aaCh and* ^i^d^ distributed 

by the circulating yood*to the different oygaiife of •the body. 
The disapg(lar|ince of alcdliol from the body, apart •from th« 
small projgortion espJ^ping unchanged, i^ due to its being 
oxidized. of the alcphol is known to be converted 

into any substance whicli the body can retain. Tbs energy 
Hberal^d by the combustion of a moderate\im.owit of alcohol 
cah b^ used by the body to its full value. 

Aloohol can,* within limits, replace an equivalent amount 
of carbohydrate, of fat, in a diet,*and has a similar effect in 
econamizing proteins. Therefore alcohol has a certain food 
value in a limited s^^, namely, ^as a fuel or supplier of 
energy, this theoretical value is, in practice* resijricted and 
counterbalanced by^its other properties; and in any case 
it has, from the point, of view of its food value alone, no 
adv^jTPagcs over a foodstuf like si^ar. • 

Mental ESects.— On the brain and nervous system 
alcohol acts as a narcotic. * 

The successive phases of diiebriation cannot be sharply 
distinguished, yet three main stages can be made out. 
Th^ first stage shows a weakening of self-control, and 
a^ blunting of the power of self-criticism. The second 
stage is that in which the sense-perception and skilled 
movements are disturbed, the drinker begins to show a 
certain clumsiness of behaviour, and emoticgaal instabihty. 
In ^e thi|i stage self-criticism and control are virtually 
suspended, the emotional tendencies are weakened, agid o»ly 
strong appeals evoke any response, and in their absenej the 
"Mrinker sinks into a heavy sleep. 

There appears to be no certain evidence that alcohol 
acts as a stimulant on the nervous system, and recent 
experiments support the conclusion that the direct effect df 
alcohol upon tke nervous system is, in all stages and upon 
all p^rts of th systemito depress or suspend functwil, 
bill wien taken i»*moderate doses, in dilute form, and at 
sufficient* intervals, it has no • effect of any sprious apd 
practical account. 

^Aefion Qn the pigestio A —Under,* this heading it 
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necessary to,j^qus;der firstly the efrec| of alcohol <M secretion 
of digestive juites. 9 There is oo doubt tha< the flow of saliva 
z^nd the 'gastric juice are increased, but thq lafter differs 
from normal gasttic juice, inasnluch,. qs it is deficient* in 
pepsin, it follows therefore thait this increased , amount of 
gastric >aice is of little or no value' in the process of diges- 
tion. The second factor is the action of alcohol on'move^ 
ments; f)f the digestive organs. So fat-* as evidence , gdes, 
there is no reason to believe the gastric movement is increased 
by alcohol, while some forms of contraction are arrested. 
This lessened movement of the stomach is produced by 
many other volatile substances, and laiay explain the relief 
of discomfort and colic-like pains which such substances, 
including alcohol, may afford. The last factor is the. effect 
alcohol produces on the rate of digestion ; i to 2 per cent, 
of pure alcohol has little effect upon the activity •of the 
gastric juice, 5 to 10 per cent, slightly ^retards digestion, 
while a concentration of more than 10 per cent, very definitely 
diminishes the 'rate of digestfon. 

Thus it has been found that mioderate doses of alcohol 
have no effect, either one way or the other, upon the digestive 
organs. 

The Action on Respiration and Circulation of *tfie 
Blood.— It has been found by recent experiments that alcohol 
in moderate d«ses has no effect on the respiration of practical 
importance. In large doses a paralysis of the^ respiratory 
centre ^.is produced. The old theory^ that alcohol was a 
respiratory stimulant has thus been disproved. The suppo- 
sition that alcoh6l acts as a diyect stimulant upon the heart,'’ 
increasing the frequency and power of its beaf, has yet to 
be prowd. Most observers, however, agree that an increase 
m the pulse rate, lasting about half an hour, follows the* 
taking of p, moderate dose of alcohol. There is reason to 
believe th^ the Accelerated effect ii**ted is due to the jweak- 
ening of the inhibitory centre which “jestrains the hehrt 
beating, and thus a quickening is observed. 

When alcohol appears to promote recovery from fainting, 
[t probably acts simpjy by'virtue of , its irritant action on 
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*the mucoili membrane gof "the mdulh much in 

the same way as tjie fiflnes of#ammonia#or tthef will act 
when inhale^. ^ That the effect is a local and indireDt one i» 
evident from the fagt.tliaT it appears aliftost at once, long 
before any*sigi|ificant amo^it of alcohf>1 can have been 
absorbed an*cl carried to the heart. •In more protracted 
v^akiK^s of the heart, the beneficial effett of alcohol can* 
be •‘attributed to itf narcotic and sedative action ^>11 the 
nervou^centrcfi which affect the action of thf* heart. 

Alcohol and the Performance of Muscular Acts.— 
Expeeiments were made on the influence of alcohol on simple 
reflex action, such as knee jerk,” and the “ eye closing,” 
and u^on willed movements', such as tli^ ergogf^^ph, hill- 
climbing. and the spe^d of starting the movement of turning of 
the e\ es toward a fresh object. It is agreed that a single dose 
of lesg'^han 4c cubic centii: jtres of alcohol, or as much as 
would be ta^en about ozs of whiskey at proof, or in 
1 2 pints of beer, in an adult accustome*d to moderate use 
of 'ileohol, exerts litue or no» appreciable influence on the 
performance by him oi a muscular act of simple character 
not (Jemanding pyreci^ion. On the other hand, the perform- 
ance of acts requiring skill tends to be temporarily Jmpaired 
by a* dose of even 3(> c.c , the effect being shown especially 
in a diminution of the speqd a?' I nicely of the performance. 
Reliable evidencq that alcohol improves, in normal circum- 
stanegs, th^ efficient perfonnance of any muscular act, 
unskilled or skilled, se^ns at present to be altogether l^king^. 

Effect on liie Body Temperature. — Any feeling of 
Warmth experienced after drinking alcohol *is explained by 
the fact that'alcohol causes a slight paralysis of the nerves 
which control the size of the blood vessels, thus allowing 
them to dkyU.id a little. More blood, therefore, reaches the* 
surface of the body anl warms the skin, and the eijds the^ 
setisor^ nerve s ’ . the skki, and thus conve> to brain*a* 
sensation of v^armtte But the sensation is illusory ; the 
body, -as a**whole, has not really been made warmer, in fact, 
the telijperature .has actually been lowered. 

It mgjT be stated that undef the ;iormal conditions of. 
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life the eifert of, a moderate doSe pf alcohol oa*the body' 
temperatfoe Ipas no importniice. In ciipumstances of brief 
exposure to cold the discomfort ' due to a cHying of the 
face and extrenfities may be initiggted by the use- of 
alcohol, but the use of it during, or as a/:prelimmary to, 
prolong^ or severe exposure to cold, is to be condemned. 

Poison Actibn.— It is stated that f pint of absolute 
alcohol or nearly a pint and a half of jiroof spirit is fdtal 
dose for an adult ; recent experiments to shw that 
dilution does not appreciably affect the‘rate of absorption, 
and consequently the concentration of the drug in the Vlood. 

There is an import;^nt distinction between the effects 
of a single excessive dose of alcJbhol, and those produced by 
immoderate quantities frequently repeated, even though 
these quantities may be, and usually arc, smaller than the 
single dose whi<5h gives rise to intoxication. In tlfe' tatter 
case, the drinker returns to his normal stato after the alcohol 
has teen eliminate from the body. It is otherwise with 
chronic alcohdism. 

The symptoms of drunkenness are due to the immediate 
action of alcohol in the body, the effect of which is mainly 
apparent in disturbance of th? functions of the brain. 
There are two essential factors in the causation of chronic 
alcoholism. First, the drug m?ist be taken in sufficient 
quantity to exercise an injurious action on the tissues ; and, 
second, the action must be more or less continuous.. The 
rcguleir use of alcoholic beverages dqes not induce chronic 
poisoning so long as only moderate desses are drunk. Chronic 
alcoholism produces a change in the tissues which may be 
of a permanent character, and this change is hot limited to 
the nervous centre, but may affect in one way or another 
‘ most of the organs of the body. I^argely they are brought 
about by. its detrimental action on the lincng membrane of 
^tke slom^ch and bowel, causing ckronic catarrh and failure 
in the action of the digestive juices, and so promoting the 
^absorptign from the alimentary canal of poisonous microbial 
toxinSf ' 

‘"Somfe affection of mihd is usu^ly .'prepent ip chronic 



PFVgl^LOGI^CAL ACnON^ 1 S 9 

^oholism^ bU#it is usiMy^moderate in c ?f^ree.' In delirium 
tremens nfore intense, Ibut transitory dLOrder 3» yicur. It 
appears thaj: in chionic i^toxiV^ion the flervkus system is 
imfJaired iit ways which ^ffect its healthy functioning ; it* 
also contributes towards the development of Bright’s disease 
of the kidndys, lind lowers fhe defences of the body against 
microbjal invasion. There is no evicfence to sup^rt the 
poj^ular belief which attribhtes to alcohol a protective value" 
in cases of exposure to infection. 

Re<5int observations and experiments appci^r to indicate 
that ftarental alcoholism may have a seriouijly detrimental 
influence on the stock, but in view of the extreme importance 
of this conclusion, it i^cansidered will to su^end^ judgment 
until the subject has been further investigated. 

Lotfigevity. — It is found necessary in drawing conclusions 
betwe^ the consumption of alcoholic beverages and longevity 
to b^ cautious, as the scientific facts are very limited ; but, 
on the whole, th6 evidence ism favour of^the total abstniner, 
their death-rate is lower, an(b expectatioh of life longer. 

. It should be added, however,* that it does not follow from 
these conclusions that a consistently moderate use of alcoholic 
beverages shortens life. Summing up, it- may be stated that 
the Jfcmperate conii^mption of alcoholic liquors is physio- 
logically harmless ; on the other hand, it is certainly true 
that alcoholic beverages afle in no way necessary for healthy 
life. 
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Industrial Alcohol. — Alcohollf-al^o maniiflictjtred for com- 
merciafuse, and during the war, when large quantities were 
'required, some of the whiskey' and ^in distilleries were 
commuideeredrby the Government to add to the soucces of 
supply. vSpjrit used for heating or as a^solVent in chemical 
industr}^ was to be manufactured under the same conditions 
of excise control as that used for potable purposes, biit it is 
obvious that questions oof flavouring, “ ageing, and so forth, 
which give the potable spirits th& special characteristics need 
not be considered when the alcohol is net to be used f<;»r food. 

Molasses. — ^JBoth beet OiUd cane sugar molasses are" used 
for the manufacture of commercial alcohol ; the former are 
sterihzcd by sliglifly acidifying the diluted molasses and 
boiling the solution. , 

Cane sugar molasses as used in this country are simply 
dissolved in water to make a wort of specific gravity about 
1030 to 1040 ; in the tropics juice exi:)rtissed from the sugar 
cane and containing 14 per cent, of sugar is fermented 
directly. A wild yeast is found on th^ surface of the cane, 
and this sets up an active spontaneous fermentation when 
the juice is k^t at a temperature of 30° tOf35°. 

Potatoes.— Potatoes are rarely used in thir countiy for 
ifiakiiig alcoliol, but on the Continent th^^are largely employed . 
They are generj^Uy steamed under pfessure to gelatinize the 
starch.as a preliminary to the mashing operation. 

ThenSteaming is usually effected in a conical iron vessel 
^known as a “ converter,” which is commonly of a size to 
take a charge of 2 or 3 tons of potatoes. In •this vessql th*e 
^4)otat^)es are subjected to the action of steSm at a pressure 
of 3 atmo-pherts during 45 minutes or so, the temperature 
rising to about 135° C. On opening*' the discharge valve 
at the .bottom of the converter wlteii the steaming is finished 
thc^soltcncd mass of potat^oes is forced out by thq pfessure 
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and passes tltrough a**^rid or ’cutting arrangement which 
helps to c<Anpl\te Ihe pialping of the mabs.* Tho latter then 
goes to a mash tdn, wfigre it*is cooled *by *water flowing 
through cods m the tun, or, in some firms, by means of ad 
external w^ter-jackct.* 

The starglfl; con vertcc^ into sugar, as already described, 
by the enzyme diastase, supplied by malt, or by the nfbulds in 
t^e “ amylo " process . The proper quantity of malt employed* 
amouMts to 1 J to, 3 per cent, of the weight ti potatoaB.used. 

Alcohol frcfth Sugar Beet— There are two cjiief methods. 
In 01* process the l3eet arc Sliced and extracted with water 
111 a Series of vessels which arc so arranged that the water 
issuing from the bottfim of one vcisel pass<js into the top 
of the*iiext, percolates dowfiwards through ^the packing of 
beet sjices, and extracts the sugar^as it goes ; by the time 
the end vessel Oi the scftics is reached the ^uice has become 
sufficiently jrich in sugar ^to be ready for fermentation. 
To minimize the*a^tion of harmful bacterjla during fermenta- 
tion the juice is slightly acidi%d with sulphuric acid. In 
^ ihe second method the beef are topped, fhc roots and 
tops being stored separateK^ and the tops worked off first, 
as they lose sugar during storage. The extract is made by 
stqaming under a pressure of 2 atmospheres maintained for 
about ij hours in ^conical cofpverter, all the sugar being 
then dissolved, and the beet tissues reduced to a pulp. 
The chief countsies which use beet as a soufee of alcohol 
are Fcance, .iustria-Hungary, and Germany. 

Alcohol DenatiMf^nts.— The object of deviaturing is tb 

S even! duty-free spirif from being put to^uses other tjian 
ose authorized. It should fulfil the following c onditipns 
(i) It should impart a taste or smell sufffcienJtly dis 
agreeable to prevent the alcohol being drimk,^ 
even after dilution, sweetening, or flavouring. 

(2) It shoulcf not be capable of being eliminated easily, 
by filtration, distillation, or an^^ othtr proce'Ss 
which carf be readily applied or which is ordinarily 
Used in manufacturing operations. • . • 

(3^ ‘It should be capable of^being easily and certainly 
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detected even when ^ piOsent on y in nunute 

^ quantises. ‘ 

(4) It shc/old 'mix readily with the ficohol and produce 

a mixture of essentially the same pi'operties as 
undenatured alcohol, and capable of being used 
in the same way undenatured alcohol in 
manufacturing processes. 

(5) Its cost should not materially add to the price of 
<* ^ denatured spirit as compared with that of ordinary 

alcohol. , 

No single substance has yet been found which 'iulfils 
all the above conditions. Crude methyl alcohol or wood 
naphtha^ fulfib (2), (3)y and (4), but as regards the first 
condition, when mixed with ethyl alcohol to the extent of 
10 per cent, does not prevent the alcohol being drunk- 

Wood naphtha does not quite satisfactorily fylfil the 
fifth condition, inasmuch as it renders the dena^-ured alcohol 
slightly more costly than pure alcohol. ' " 

To render tlie spirit nar^cating some other denaturant, 
such as mineral naphtha or pyridin are employed, where the 
conditions under which the alcohol is to be used do not 
admit of strict Revenue supervision. Thus we get two classes 
of denatured alcohol 

(1) Denatured for general household use and minor 

manufacturing purpos6s. 

(2) Denatured for manufacturing purposes on a large scale. 

In this country the composition of (i) is as allows ‘i— 

90 parts ordinary alcohol, 
p „ wood naphtha. 

per cent, of mineral naphtha and suificient dye to 
give it a violet tint. 

Practically the same mixture is used in France, 
U.S.A., Canada, and other British Colonies. Such a mixture 
is imdrinjrable even when sweetened or flavoured. ^ 

(2) Denatured alcohol for manufacturing purposes con- 
. tarns:— 

95 parts ordinary alcohol. . 

5 «„ wood naphtha.’ 
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The mbst uresis uijdrinkable wben diluted, sweetened, 

arfd greater precauti6ns'’l?^ive to be 

tak^n by "the Revenue authorities to prevent it§ 
ill^akuse. Application for its us/e muse be made to 
the Board bf Customs and Excise stating clearly 
the* .purpose for, v#iich it is to be i^^d. [Revenue 
officials must be allowed to visi^ all parts of the 
factory, ancj take samples of the spirits and products 
at any stage of the manufacture. 

In A.ustralia a special committee have reported in favour 
of t^e use of the distillate obtained from coal-tar oil at a 
temperature of from to 230° C. as a suitable denaturant. 

Experiments with this*ma^^rial a/e mpw l^eing**made at 
the Government laboratory. " 

Akohol and as a Fliel.— Quite recently the 

Eondoa General Omnibus Comr^dny have been experimenting 
with^a mixttire oi ^alcohol and benzol as a fuel for the internal 
combustion engine. Neither burns so* rapidly as p^etrol, 
and the use of the mixture negpjssitates constrictional altera- 
tion in the engine, with special reference to the compression, 
carburettor, and heating of the induction pipes. A 50 per 
cent! mixture was found to be the most satisfactory, its 
effickney as compa'!^ with petrol was as 12*5 is to 15. 

As to cost, this may be represented by the number of 
B.T.U.s per penny produced by petrol — 6050; and by the 
50 per cent, mixture — 5000. The cost per mile showed a 
difference irf favoui* ^ the former of one-fifth of a penny. 
The mixture was f<jan(^ to be 12 per cent, more economical 
tjian petrol ; the difference is 8 per cent, orfly m cost, petrol 
•being the cheaper to use if the price per gallou of the* two is 
the same. It has also been found that the thermal efficiency 
increases with the increased proportions of alcohol for the* 
sam» compressipn ; that a higher proportion of alcohol 
means also that tne comnression can be raised, wiLh a fionse *• 
qucEt lisqjn the ti^gmal efficiency. Tests with\ mixture 
of alcphol §ind ether are nqw bemg carried out. 
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The rapidly increasing use of alcoliol in {he arts and sciep^'es 
as a solvent and for fuel, and the extensive, developnfent of 
the motor industry, has brought about .such a denind for 
alcohol, that it is feared present supplies will be fai^from 
sufficient to meet future requirements. It, therefore, 
becomes. neceSsaiy either to ^ increase the production of 
methyl or ethyt alcohol by increasing the number of pi^sent 
plants if the raw mateflals required hre available, r or, if 
these are only obtainable in limited quantities, to t^^scover 
other methods of manufacture from other more abuhdant 
sources. < 

Evidently I the first parfr of the question resolves itself 
into. What are the products which are available in unlimited 
quantities ? and ordinary experience tells us that we must 
depend on Nature to obtain such materials. In ordir of 
their importance they may be enumer^^id as follows i-r • 

(1) Wood. 

(al The ordinary wo6d not suitable for trade 
purposes. 

(b) Sawdust — wood .pulp. 

(2) Starch. 

' (a) Cereals. 

(b) Potatoes. 

(3) 

(4) Carbon.— Easily obtained by the destructive com- 

bustion of any organic matter. ^ ^ 

The work which has been done on each of this class of 
ma'terials^for dcohol production will,^ therefore, be' briefly 
outlined. ^ ^ 

(z); Wood.— There are several ways in which wood may 
be ‘treated so as, to render a combustible liquid fuel. 
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[a) Das^rud^e •Distillation. — Here wood Jogg, shavings, 
and other is^urnl? in a closed vessei an<J the products 
are condei^^d and collecfed. The process is very* ancient? 
Various forms of stills^andT many modifications of distillation 
are employed, hut the prodijcts obtained aro as follows 
— ^ -± — I • ; m - 


Products. 


(High rcsiu.) 
Rich wood. 
If), 600 lbs. 


Pfr 4 cords. 



iO,c'> 


rosin.) 

W(K)d. 


iftrtlwood. 
1*4,000 lbs. 


Charccft,! 

turpentine . . 

Rne oil . . . . 

Resin spirit . . 

Resin olf ^ 

CreosSte oil . . 

Acetate t)f lime, 80 per cefit. 
Wood altohol 

Pitch . 


i 

j 

I 

4 


4284 lbs. 
41-5 gals, 
lid 

21-5 • 

14I‘0 M 

465 » 

300*0 ^s. 


(> gals, 
^foo lbs. 


4400 lbs. 
20*75 gals. 
4-2, » 

IS O*- , , 

64 /'5 .. 

21*0 „ 
350*0 IbSl 
0*6 gals. 
625 lbs. 


3600 lbs. 


20 gals. 
852 lbs. 
37 ‘5 gals. 
720 lbs. 


It is evident that tlie amount of alcohol (wood spirit) 
obtained is far too little to eiialjle the wood no be treated 


by this process economical}}’-— at least for the production 
of alcohol. 


(?) Conversion into Stigar followed by Alcoholic F^ermenta- 
iioh.xr-Wood celluloSt, may be converted into reducing and 
fermenting sugars by the jiroce.^^s of liydrolysis, and this 
can be accelerated by the presence of catclytic agents 
such as acid. Concentrated H2SO4, H2SO3, HCl — all have 
been used. ^The sugars by fermentation with yeast* yielcf 
alcohol. , 

% (i.) The Ewen-Tomdnson Process. — Tins consists in 
treating wood pulp with dilute H2SO4 and steam, under 
pressure. 25 to 28 per cent, of the wood is rendered soluble, 
and of this 80 per cent, is fermentable sugar. A yield of 
20 tc^2:^er cen+. of sac^'haroses corresponding to. 10 to ii , 
per cent, of eth} ! atcohol^or 35 gallons of QS^per cfjnt. spirit 
per ton 6f dry wood thus obtained. 

The ferpientation is earned out in accordance with the# 
standard practice of four-day fermentation period. 

(ii.) ^Taste SMhite Liquor. — Here bone dry woodTptdp is 
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heated witlji calcium bisulphite sdlution (€*5 Jo 3^0 per cent/ 
free SO2/ under pressure t^' 140® d fou icr to 12 minutes, 
'or 15 to 20 hours at 135° C., 14 pit cent, fermentable sugars 
are obtained. The solution is •neutralized* with lim^ or 
calcium carbonate, allowed to ^settle, coolejl, ajad run into 
fermeiftation Vats. ‘High resi^ailt yeast— type XII.— is 
' used to effect the fermentation. , 

(2) < Starch. j'-Cereals such^ as barl«y, oats, maize^nd 

even potatoes have been used for the pro’d^^ction of^^cohol 
for some time past. The grains (e.g, bariey) are first^allowed 
to germinate, whereby the ferment diastase is produced. 
The ferment (^onverts ^le starch of the cereals into maltose, 
and tlifs" by the ordinary yeast fermentation produces 
alcohol. ^ ^ 

Cereals and potatoes are, however, a staple afcicle of 
food, and unless cultivation is enormously increased, this 
souj^e of alcohol production will reraaii? foo Expensive for 
the production of industrial spirit. 

(3) Peat.— Peat may be- carbonized in very much the 
same way as wood, and yields the following quantities of ' 
products : — 


Products, 

Per *oa. 

r'' 

01derf*jurg. 

31% HjO. 7% N. 

ScotcR. 

16% li,0, 2-1% N. 

Oils . . . ! 

Parafifm wax 

« Phenols 

Methyl alcohol 

Aromonium sulphate 

Calcium acetate •' 

Pitch 

54-0 lbs. « 

60 „ 

26-0 • „ 

,0-2 
lO-O „ 

4*0 » 1 

50 0 lbs. 

Not detennined 
f 28o*ibs. 

51 M 

30*2 

8’o „ 

3-5 

(4) Carbon.— The direct production of 

alcohol frqm 


carbon, hydrogen, and oxygen is attractive, as these piimary 
•materia^ are tavailable in unlimited quantities. A successfd 
process of manufacture from the elen^^ts woul^,ofrhe«essity 
oust all the other processes, aj,the latter mus}; depend on 
vai^dus natural uncontrolled forces. The processes attempted 
dfe as fellows :-r 
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(i.) F40W substan-'x; is a gas, and can 

be obtained eiflter^by i^^ssing hydrogen tnrdhgh ^n electric 
arc struck, betwe^ graphite *poles, or* technicajly from 
cafdum carbMe obtained in the electric furnace by the 
action of lime ^n carbbn. 

Ca04-^==CaC2+(20 

Cgldum carbide on interaction with water produces acetylene? 

paC2+2H20=^Ca{OH) 2 +C 2 H 2 
Acetylene by catalytic hydrogenation is converted into 
acetaldehyde. 

CH=:iCH+H 20 -»CH 3 CH 0 

The. catalytic agents used {fire sulphurfc aeid (20 lo 25 per 
cent.); Phosphoric«acid 30 to 3^7 per cent, or solutions of 
orgar^c sulphonic acids, glacia^ acetic acid with a mercury 
salt, •ferric jaercuric sulph^jte, etc. 

The acetaldehyde by catalytic hydrogenation (Sab|tier's 
process) over reduced nickel is.converted into ethyl alcohol 
at 140 ' C. • 

CHa.CHtT+Hs^CHa.CHaOH 

1'he latter proce'ss requires careful manipulation in order 
tc> j^event the retorse reaction taking place. The process 
has been successful, and the I^onga Electridty Works at Visp 
will shortly be able to satisfy the total alcohol consumption 
of Switzerland. * * 

ifnother^process^ oj hydr(^enation, started in France in 
1917, consists of doctrolysing the aldehyde or paraMehyie 
in an add medium, che aldehyde being obtained <rom 
acetylene ekjier previously by any proc**^^ or .in the 
electrolytic apparatus concurrently with the h> drogenation. 
Sulphuric acid of 5 to 10 per cent, strength is usually 
employed, but ^ other acid electrolytes may also be used. 
The aldehyde or paraldehyde is added to tV catnode 
chaniBer ^ two stages, first up to 10 per cent., and then up 
to 3Q per-cent. Tne temgeratujre is kept at about 40® C., 
whicji is maintained by me heat of hydrogen‘atjc{n. A 
pqrou^ diaphragm is used in tha electrolytic cell present ^ 
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the diffusing of the alcohol and dthe ald^hy A tq\vards the * 
anode, "(hfe cdthode may be of lea^f lea^ alluy, or mercury. 
The anode is^an inert material, such as' platinum, lead, or 
iron oxide ; the current should be <3 to 3 ampdresper square 
decimetre of the cathode. Alcohol mdy be oj^tain^d directly 
from aoetylenq by parsing it through the cathode chamber, 
provided the electrolyte contains a mercury salt. 

(ii.) From Ethylene . — This is a constituent of coal 
but no Technical synthetic process for prod\icjng it hds yet 
been devised? The removal of ethylene, from coal gas has 
been attempted, but trouble has been found in the subsec^uent 
process when the ethylene has to be converted into alcohol. 
The convprsioif of acet/iene injp ethylene by the addition 
of hydrogen is theoretically possible, but this hydrogenation 
has not been successfully hccoinplishcd, * 

Ethylene can be converted by simple hydratio» into 
alcohol. The process is catalytic* and oceprs by<way o’i the 
interlhediate ethyl ^sulphuric acid, C2nQH5504, and given 
a large supply^ of ethylene, tiie conversion into alcohol does 
not offer great difficulties. Its .recover}" from coal gas in 
this way is therefore theoretically possible, and Bury, at 
Skinningrove Coke Oven Works, has ol>tained 1*6 gallons 
per ton di coal carbonized from runs of* 5800 tons of /:( 5 al 
carbonized per week {Chemical Age, 1919, i, 714). 
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Part 7I.-VJNEGAR 

Section I.— PREPARATION OF THE WOM’. 

^ « * 

In all the processes for the manufacture of vinegar adv^^itage 

is taken of the oxidizing action of the vinegar fungus ;< the 
two chief are Mycoderma aceii, also known as Mycod&ma 
vini, and the ^ Bacteriup xylinum. , fThese ferments are 
capable of^ Converting fermented^alcohohc liquors into, acetic 
acid ; they are w^ite gelatinous nitrogenous plants reqmring 
for their growth proteid substances afiid mineral salts which 
are always present in wines and other alcoholic liquids. 
The fermentation is due to enzymes in the plrnt cell. 

Pasteur exami«neC the Mycoderma aceti, cultivated it in 
synthetic medii., and proved that it acted as a carrier of 
oxygen from the air to the alcohdl, and that it was capable 
when no more alcohol was available of oxidizing acetic acid 
to carbon dioxide and water. The highest concentration qf 
acetic acid that can be obtained by the use of this organism 
is 6-6 per cent. ^ 

Bacterium ^iylinum, investigated by Brown, occurs in 
the vinegar plant, or mother of vinegar, in ^^hich k is 
associated with a yeast. The mixed growth is capable of 
converting cane sugar solution into vinegar, the sugar, 
whictf is itself not ‘attacked by the bacillus, being hydrolysed 
and fermented by the yeast, with production of alcohol, 
which is then oxidized by the organism. The chemical 
actions of this organism were found by Brown to agree^in 
general with those of B. aceii. 

< A 14rge number of organisms hcve been foimd which 
have a similar action on alcohol, and Which incltlde those 
found in vinegar breweries* Thiy are not very clearly 
characterized. Further information can be found in various 
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•papers EUikT. Paf. iv^‘05-;p and Garungs- 

bacteriologisch^Praktitfim, Berlin, 1909. , 

Quickly inegar Process. — This method is appilicable tQ 
any alcoholic* liquid- II? differs from other processes in 
causing tte liquid to expose a very large surface to the 
action of tlie air, i galloif being sometime* exposid over 
m are% of 100 square yai;ds. The vat i? usually from 6 tq 
It 4‘et high, and 1ms a false perforated bottom, upon which 
is placed a qudntity of thoroughly washed beecbwood 
shaviif^s, nearly filling the vat. 'Air holes aie* bored in the 
vat ^bout 18 inches from the bottom ; the top of the tun 
is a perforated disc, through which twists of jotton or string 
are p»ssed of sufficient lenglh to touc 3 p th^ shavings. The 
vinegar is drawn off by means of^a pipe, vlien it rises to a 
height of about 1 5 ii! :hei>. Before “comm-jncing the fermenta- 
tion it is necessary to sour th Shavings ; the composition of 
this fluid ^rie^ jonsiderabH" ; an} alcohol liquid may be 
used, but the presence of a trace of tatrv. matter prevents 
the action. 

According to Wagner, t^e following mixture is generally 
used 

4J gallons (20 litres) brandy. 

9 ,, vffiegar (42*5 per cent, by weight). 

27 „ water. * 

To which i^ added a mixture of bran and rye to promote 
the growth of the vmt^ar fungus. 

Another standard nquor is : — 

50 gaKous brandy or whiskey (52 per Cwut. by tv^ight). 

37 ,, beer or malt wort. 

3 to 4 volumes of soft water. 

I ^ . 

MSfas^s or honey in the proportion of 2 lbs. 50 gallon^ 
is rdd^ to proujce a Snore finely-coloured vintgar. Tlie 
liquid to Be feiniented is poure^i over the upper disc and 
trickjes slowly down the* twisted threads, and’oy^ tlfe 
shavings, becomii^ oxidized by^the action of the jjir which 
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IS drawn through the air, holes on accomt/jf the rise m« 
temperature. ^Ihe acetified liquid col}ed/> beneath the 
false bottom / it is drawn off and usually passed through 
the same vat 3 or a times before the oxidation is completed. 
The strongest vinegar that can be obtained by this method 
1 contains about. 10 per cent, acetic acid. 

» Acetates.— The following are^ the most importa^^t salfs 

prepared from pyroligneous acid, and vinegar. ^ * 

Aluminium acetate, known a!s “ red liquor ” or mordant 
rouge,” is used in dyeing for the production of red Colour. 
One method of preparation is to add a solution of alupi to 
acetate of lime liquor. The lime is precipitated as sulphate, 
its place being taken by^ihe alt^miniiim forming the acetate. 

Calcium acetate is prepared by neutralizing acetic dcitl, or 
pyroligneous acid, with clialk. It is used as the source of 
other acetates, and acetic acid : it is also employed inoalico 
printing. 

Copper acetate. occurs as the normal salt, and in 
two basic forum's, as blue veidigris and green verdigris, the 
colour and composition changing according to the mode of 
preparation. 

Copper acetates are used as pigments in oil and water 
colours. ' ^ 

Ferric acetate is prepared by the addition of calcium or 
lead acetate to^ferric sulphate. It is used as a mordant, and 
in alcoholic solution as a medicine. 

Ferrous acetate is prepared .by the action of pyroligneous 
acid on iron turnings, or nails at a^temperature of 65° C. 
It is^ known as black liquor, and is used in calico printingf 
dyeing,* and colouring furs, leather, wood, etc.*, black. 

Ledd acetate is produced by the action of acetic or pyro- 
ligneous acid on litharge ; two basic acetates are also known- 
It is used as a mordant, pigment, and in me.dlcine.^_ 

„ MUgnesium c^fctatc as a basic salt is known in commerce 
as “ Sinodbr.” 

Sodiurn acetate is used ac a preservative, and 2^ a source 
for tk-eipreparation of acetic acid. Potassium acetate occurs 
in ihany«.plants. 
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* . •* 

Malt • Vinegar.— »Tliis is prepared from utf infusion of 
malj whicli has first been feriiicnted to produce alcohol. 
vSix bushels ot crmshc^ malt are extracted 3 times with water 
in a circular mash tun oupylicd \A^th,,f. central •siirrer, the 
firsf extraction v.ith water at 72° C., the seT;oiid at a higher 
templirature, and tl*'' third with bdiliiig water. The extracts, 
whick together should not e-itced 100 gallons, are passed 
into a larg# cas; ^ron tank* cooled by refrigerators to 24° C., 
and then poured into a large circulair vessel, inixcd^ with 
3 or a gallons of good yeast, and fermeiijted briskly for 
aoout 40 hours. Tho ex i;act is filtered and stored in casks 
tor some months, ^ whereby the extractive matters which 
would produce putrefaction are deposited. The “wash” 
be treated by the quick vinegar process, or acetified 
’ in large casks lying on their sides in ? temperature of about 
24® C. The bung holes df the casks are open, and at each 
end near the top an openmg is made ior the circulation of 
air. * Wheif conduotejJ in the open air the process is kno\yn 
as “ fielding.” >Vo' 8 to 20 rows of casks constitute a 
.vinegar field. The operation is commenced in the ^ring 
and compleljed in about 3 months. * ^ 

Malt vinegar is a brown liquid of a characteristic odour, 
due to the nresence of esters. It has an agreeable acid 
tasj e due to 1 cetic acid. It usually contains alcohol, gum, 
sugar, und extractive matter, acetates, c^ori'’"* , f^ee qUd 
CO. ^ined ^sulphuriv; acid, and on evaporation aftid ignition 
leaves a residue containing much phosphate. 

Wine Vinegar.-— The following is the plan of; staking 
wine Vihegar as practised in tht district qf Orleans. Wines* ‘ 
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which have 'oecome sour are geneMdly^usod, ^ they contain * 
above lo ^er cent^. alcohol they ap? suitably diluted with 
weaker wines. The wines for ai'etifiedtion are kept in 
casks with beech shavings to which the lees adnere, the w(ne 
thus clarified is drawn off to make vinegar. A ^:ertain amount 
.of extractive matter is, however*/ necessary for the proper 
growth of the plant. The Orleans casks contain /learly 
400 pints, and are placed in 3 rows oncrover another, ^h^ 
upper bnes having an aperture bf 2 inches ha, diameter 'kept 
always open. " 100 pints of good vinegar, boiling hdc, are 
first poured into each cask and left there for 8 days, 10 pints 
of wine are mixed in every 8 days, until the vessels are full. 
The most favourable tem|)eratui;e is between 25° and 30° C., 
and is kept up when necessary with a stove. 

The casks are never more than halt emptied, but are 
successively filled ‘Up again to acetify new portions of cAine. 
In order to judge if the fermentation is completed at the 
end of the usual time^, which is from 8 to 30 days, according 
to the time o^ year, the workman plunges a spatula into 
the liquid. If reddish froth adheres more wine is added, 
and the temperature raised. A white froth indicates the 
completion of the process. 

The caisks become foul after 6 years. The deposit of 
argol, yeast, and sediment is then removed, and they are 
cleansed and recharged with hot vinegar, as in the case of 
new casks. Good casks will often last 25 years. 

, Wine vinegar is of two kinds, white- or redy according 
as it is prepared from white or red wine ; the former is con- 
sidere*d the finer.** In addition to the substances usually 
met with in malt vinegar, it contains potassium tartrate, 
by which" it can always be recognized. 

Vinegar from Alcohol.— Three million gallons of alcohol 
are used yearly in Germany for vinegar peaking Pire 
akohobdoes not s^ce as a medium in which acetic fermenta- 
tion can take place, since nitrogenous spbstances^and 'salts 
are necessary for the growth of the o|ganism. Cme spgar 
or‘’gluco^ is usually added in the proportion of i to 3 kilos, 
per jsoo litres of pure alcohol, while the nitrogenous needs 
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are met witfe inprgimc, salts, cEiefl acid phosphates of 
ammoniufii, sq^um, ajid potassium, about 50 1*0^150 grams 
are used per 100 ‘litres pule alcoholf The acjetification 
vessels are C34indrical in {orm, with a false perforated bottoih 
upon which afe beech shavings ; in the sides are air holes 
fbr oxidatlbn. , 

Tl^e alcohol is diluted to a strength yf 6 to 10 per cent * 
mixed v^ith the jjequired nutrient materials and delivere'd 
on ttjp of the sLa\dngs ; wlfen starting wiMi a newl^rpacked 
■ •**sseil a pure* culture of the bacterium is i;lxed with the 
fir^ charge of alcohol ; subsequently som^ of the acetified 
pr^uct is used for mixing with the charges. The tempera- 
ture«of the vessel is ^t 25°ito ^5° b^ eoptrolling the 
admission of air and of the alcoholic charge. T£e resulting 
vinegar is collected in the bottor^S of the vessel, and contains 
from 4 to 6 per cent, acetic aaid. Doubly or triple strength 
products <:an, however, ,be produced by mixing ordinary 
vinegar with* fresh alcohol and treating with auitable* 
organisms in other vessels ; up to I2*p€flr cent, of acid can 
thus be obtained. * 

In addition to wine, malt, and alcohol, vinegar is pre- 
pared from cide .'/perry, beer, glucose, and skim milk. 

♦ ^ An artificial vinegar is made by mixing acetic acid with 
water and earame?, and acetic esters to produce the proper 
colour, odour, and tastei Thi.^ vinegar differs from genuine 
kinds by the absence in the evaporated residle of phosphoric, 
taftaric, cr malic acid. 

The vinegar.*of Aie B. P. has a specific gravity of i't)i7 
to 1*019, m’^limum of acetic allowed is 6 p^ cent. 

Genuine vinegar seldom falls below 5 per c( nt., a^d should 
be condemned as adulterated with water when the •amount 
is as low as 3 per cent. 

I The ch^^ adulterants are mineral acids, flavouring 
agffis* such as cayenne and ginger, and metals^ derived 
f rafh the vesseL nsed.^ 

Vinegar mamffactured ip Germany from aenaturea Dranay 
cqjitains a certain qulinti^ of pyridine which can be estimated 
(see* 3 eitsch, JIniersttch, Nahr. fenussm,, 1911, 21^ fc 35 ; 658 ). 
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Acetic^ Acid, CK3COOH. — Acetic acid ocQurs in natuVe in 
the juices of many plants, especially trees, either at free 
acid, or generally as the calcium or potassium salt ; "and 
as organic acetates in the oils from many seeds. It is also 
found in certain animal ajeretions. 

Formation.—The greater part of acetic acid used in 
commerce is obtained by destructive distillation of v ood. 
Hardwood, such as oak, birch, beech, maple, and elm^give 
the best yields of acid and wood alpohol. A full description 
is giv^n in H. Taylor's book on “ Fuel Production and 
Utilization " of this series, frop which the following extracts 
are taken : — 

There are three processes in use 

(fl) Kilns of the beehive type with a capacity of 
4 50 to 75 cords, now almost obsolete, owing, to 
low yields of charcoal and loss of by-products. 
(&) Discontinuous retort plan|^s : — 

(i) 'Small retorts holding from 1 to 5 tons of 
bulk wood ; 

, (2) Targe retorts, or ovens, tfee charge being 

^ ^ 10 to 15 tons in bulx form. 

(c) Continuous mechanical plants ; carbonizing chip- 
• . pings or shavings only. 

The retorts are usually steel-plate cylinders which can 
be revolved to expose new surface to the actioit of the fisc ; 
others are rectangular steel ovens of large capaci^^ “ Into 
which the ^ood 'may be charged Oh trucks. The fkbidn 
modem plants is removed from the retort 6^' means of arches, 
and arrangement is made for circulation of the furnace ggses 
around che retort in such a way as to secure the most effettive 
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ACETIC ACID 

■V 

.utilization of | the h^af. ^The contirrous or ^echanical 
retort conjftsts^f an oljlong metal box J.rn<ied Jtorizontally 
across the ^niddle a* plate • chain dmms^ at ^ach end, 

offcrated By gearing, serye to carry endless chains with.tf 
series of scrapes o\fer.the horizontal plafe the entire length 
of»the retoi^-, returning alopf the bottom plate to the point 
of starting. The chips arJ fed into the retort at tilfe same* 
ejid as^discharged, and thus travel twice the length of the 
retort before b*'ing completely carbonized and i^^ly for 
rf‘mo'^ 1 . The? "gases leave from^the top tjie retort and 
pass' to the condensers in the usual manne**. Temperature 
confrol is of jt)rime importance in its effect on the yields of 
products obtained. Th best resuits are obtained by slow 
distill 3^tiou during the criti<!hl stage of the reaction, whilst 
the eiyothermic reaction of the wood is taking place. This 
is accomplished by raiding th^ tenij)eratute rapidly during 
the preliminary irying sta^e, and then reducing the amoimt 
of heat supplied^ at the commencement of the distilling 
stage, i.e. when the particles of tpr first a^ear in the distillate. 
In this manner a smaller decomposition of thc^prime products 
takes place. The great^^t increase in yield is wood alcohol, 
30 •per cent., and calcium acetate, 15 per cent., when this 
uiode of operation is employed. With the uncontrolled 
method the temperature in the retort flues ranges from 
420° C. to 440° C. during tjie dr ing stages, and from 440° C. 
to 470^^ Ct during the distillation stage, whilst with the 
improved yethod of firing the temperature langes from 
390° C. to 430° difring the drying, and from 420^® C. fo 
445° C. during distillation. ^ ^ 

The imipediate crude products are charcoal, non-con- 
densable gas, tar, oils, and acid liquor. From jtbe acid 
liquor calcium acetate is produced by neutralization with 
lin^, distillation to remove wood spirit, and evaporation 
to ^ he yield of acetic acid varies with. the species 

of ijfepd used, i om 2‘^7 per cent, from «oft pme, to 6*^ 
per cent, ftom birch, the average being 5-47 per cent. The 
influence*of moisture on tlje yiefd of products in the destruc- 
tive distillation of hardwood is set forth in the 
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Palmer an^ Cloukey, Jour. Ind,^ Eng. Chem., 1915, 7. It^ 
was found ^Jia^. moisture Las a favourable Mucnce on the 
yield of afcetiq acid in controlled distillation. The effect of 
'catalysts is also dealt with by Palmer. Jour. It^d. Eng. Checn., 
1918, 10, 264. Wood chips impregnated^ with aquebus 
phosphoric acid, and then dist^ed, gave larg^y increased 
yields 'of acetic acid.'' An increase 'from 5*13 per cent, tc 
I3‘85 per cent, was obtained in -one experiment, iL whi^h 
2*45 pe» cent, off catalyst was added. ^ ^ 

To obtaip ordinary commercial acetic iaroid, acetate of 
lime is mixed with calcium chloride in proper proportions, 
and the solution concentrated until it crystallizes. ‘ The 
mother liquid is poured off and /concentrated with the 
production of a second crop 6 i crystals ; this is repeated 
imtil about four crops l^ve been obtained. The cnystals 
are then dissolved in water, filtered through animal charcoal 
mixed with about 10 per cent, of calcium cjiloride* and 
recryffitallized. The crystals are distilled wiCh a mixture of 
I part sulphuric^add of specific gravity 1*84 and 2 parts 
water, and the 'resulting acetic acid concentrated. This acid 
should contain 33 per cent, by weight of hydrogen acetate. 

Synthetic Acetic Acid* — During the war large quantities 
of acetic ^acid have been manufactured synthetically ; i^he 
process bemg the same as that described under synthetic 
alcohol in this voltune, as far as tjie production of acetalde- 
hyde. This substance is converted into acetic acid by 
oxygen obtained by the fractional distillation of liquid air 
ih the, presence of a catalyst. Acteding to the Drefus 
patepts (e.g. Frepch Patent, No. 479656/1916; and British 
Patent, No. 105064/1917), which have been operated in th^ 
production of acetaldehyde and acetic acid from acetylene, 
the gas is passed with water : (a) into solvents in which 
mercury is soluble, e.g. sulphuric, phosphoric, and acetic' 
acids ; or (6) into solvents in which acetylene is solwbl'f e,g, 
deetone. In the former case, one cr more of the following 
conditions^ are observed : — 

(i) With sulphuric acid, a c/oncentration limit of ‘ 5 to 
20 per cent, is set. 
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* • 

(2) abslorbiiig lolutton contains than€o per cent, 
of thetoiej-cnrf* compound. 

(3) Throughout Ihe absorption, the liquid is kept belo^ 

• e. . 

(4) The acetylene Is introduced in such quantity that 

* it ail absorbed#* 

(5) acetylene is at^ first introduced slowly until the* 

^ mercury ^ampound becomes grey qr greyis|j-black. 

(6) * After a^qtfantity of aldehyde has been forme*d the 

introduction of the gas i 5 stopped, the*temperature 
raised, aldehyde is distilled off, after which the 
temperature is again lowered and the process 
repeated. 

{fl The gas eniployed is purified from ^phuretted hy- 
• drogen, ph jphine, ammdnia, and similar poisons. 

(8) •Water is added through Jut the reaction in order to 

k«jp the acid cont 'ntrati^ii corstant. 

(9) The mixture of gas and liquid is strongly agitated 

to ensure inti^iacy of tontact, the gas being under 
a slight positive ^rfessure. 

The process is carried out in an apparatus constructed 
of, or lined with lead, the surface of which is previousjy coated 
' ifh.a layer of lead sulphate or basic lead sulphate by 
treatment with sulphuric acid or mixtures of sulphuric and 
nitric acids. 

The reaction mixture is cooled either externally or 
internally wUh cooling# pipes protected against the ^ctior^ 
of acid. The aceft: obtained by thi^ process is of a 

high purity. 

Properties,^ Acetic acid as pyroligneous acid is used in 
calico-printing ; in the preparation of varnishes and colouring 
matters ; in the laboratory and certain industries as a 
solvem^ jn phV.ograph^" ; in medicine as a locaj irritant, 
and toaiiay fever * and y the form of smelling suits. 

I Jt medicinal \x^ 2 c.c. of acetic acid, specific gravity 
I *044, .diluted with 10 c.c. of watdr, should not immediately* 
discharge the colour of one drop of solution of pot^i^Shim 
.permanganate • Also 5 c.c. should require for neutralization , 
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287 C.C. oh N. sodium hydroxide, '‘rhire piopld be no • 
residue od evaporation, and^no cha/acteristfc reactions for 
eopper, cfilorides, nitrates, sulphates, and sulphit^. 

Glacial Acetic*^ Acid is usually prepared by the distilla- 
tion of a dry acetate with an equivalent quafntity of strong 
'sulphuric acid or acid ‘potassium ’cr sodium sulphate. 

‘ Sodium acetaW is generally u^d. The anhydrqus sak 
is fused ,011 shee^.iron pans, the^mass is cooled, broken, into 
small fumps, and distilled with concentrated ^sulphuric acid. 
The first portion distilling contains the water, the'^I^tter 
portion is collected and cooled ; when crystals have foiimed 
the still liquid, portion is removed, crystals are melted 
and redistilled as before, producing the glacial acid 5 100 
parts by weighi: should,. contain qS’q^^parts of hydrogen 
acetate, the specific gravi^y of the liquid being 1*058, 'which 
rises on the addition of 10 per cent, of water. Each grkpme 
diluted with 50 c.c. of water should require^fqr neutralization 
1 6 *6 c.c. of N. sojliucn hydroxide. 

Aromatic Vinegar is prepared by distilling crystallized 
diacetate of copper. The acetaie is dried at 160® C. and 
heated in earthenware retorts, when the glacial acid distils 
over. Tl^e verdigris produces about half its weight of the 
acid. The pleasant odour is largely dpe to acetone, which 
is always produced when acetates of heavy metals are 
distilled. Otber flavouring ingredients are, Jioweyer, always 
added. ^ 

* In the Acidum Aceticum Aroniavichm of fielgium and 
Russia, oil of c^pves, lavender, orq^tige, \)ergamot; thyme, 
and cinnamon are used ; while in the French preparatioB 
camphor is the chief flavouring ingredient. 



Secthon IV.— acetone AND KJLYCERINE 

Acetone, COlCti^)2f is a mobile inflan'mable fiqtdd, 
boiliijif at 56° C., •with a specific gravity 0*8144 0" C. 

Befoge the war the main sources of acetone were the United 
States and Austria, in*^hich countr^s it was produced from 
acetate^ of lime made by t^ating ac€?tic <*cid ?v^th lime. 
The acetic acid is either obtained synthetically, as already 
described (p. 208), or 4 )y the destructive distillation of 
hard^ybod (p. 206). The vaj urs are passed into air-tight 
vessels, heated about 506 ^ C., co^ laining porous matgial, 
such a^ pumice stone or bricks, the pojesjbave been ^ed 
with the carbonate of an alkafine earth, suoh as lime or 
baryta. The porous material is packed into iron cylindrical 
•reto^s, which are heated to 500° C., and heated acetic vapour 
is introduced. Tius coming into contact with ^he large 
surface of the alkalin^ carbonate is decomposed into acetone, 
water, and carbon dioxide. The po.ous nature of the 
packing material obviate# the necessitv for mechanical 
agitation, which has been found necessary when the carbon- 
ates of the ilkaline eafths are employed in this metl^od in® 
any other form. ^Whta war broke out ^le demand for 
atetone was greatly increased. The quantity produced 
in this country ;vas practically negligible as comparqjl«with 
the large and rapidly increasing requirements of this solvent 
for the manufacture of cordite, and later on for aeroplane 
dope.| 

In'j9i5 Dr. C. ’Veizqjann brought to the nonce 0! th^ 
Admiiifi^ the prodnption of acetone by bacterial fermenta- 
tion from maize or other subgtancfes containing starch. 

This process had previously been investigated by-A^m- 
bacJi as fax back igio |Ie obtained aoetone arid buftl 
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alcohol froiiV starchy raw piaterid by'-feiimerttatioji, and a 
factory w^s staftecj, by the SYnthetioiProcJucts Co. at King’s 
J.^ynn. Potatbes were used as thfc raw'materkl, and the 
bacteria were thosa of Prof. Fernbich. ^ 

Up to the time of the war, however, thA butyl alcohol 
^was considered of greater imp^ftance, and tfiorts we^:e 
being made to utilize the product for the manufacj;ure 
synthetic rubber^ ^ ^ 

The failure of the Synthetic Products jCo. to produce 
acetone in large quantities from potatoes resulted fn the 
factory being taken over by the Ministry of Munitions, ^and 
at the same time other factories wer^ fitted up, but grain 
was substifated for potatoes, aijfi Weizmann bacteria used. 

When grain ^^ecame short and had to be reserved for 
food, resource was made to horse c]jestnuts with promising 
results. 

The manufacture of acetone ‘by the ^yeizmtnn process 
attained the greatest success at the factory of British 
Acetones, Toronto, Utd., in* Canada, where an output of 
nearly 200 long tons a month was reached. 

In the fermentation of maize or ot^jer substances con- 
taining starch by this process, acetone and butyl alcohol 
are produced in the proportions of approximately i patt*‘of 
acetone to 2 of butyl alcohol. 

As butyl alcohol had only a restricted use, both for war 
and industrial purposes, experiments were started by Ur. 
V/eizmann in order to develop a process fol converting 
normaf butyl alcohol into methyl-ethyl •ketone which, in 
the t)ure state, is equally suitable as acetone for the manu* 
factuie* of cordite. The process, which was a tatalytic one, 
was worked out on a laboratory scale, and promised to give 
^ood yields ; it was decided to erect a large-scale plant at- 
Toronto, which, however, only commenced sticcessjjd cj^ra- 
(ion jTist before ihe signing of the Armistice. ^ 

The results obtained during the w^r have pro^S^that 
acetone can be produced successfully on a large, manufac- 
turijsg iscale by the fermentation of substances containing 
stafeh. •The profess cannet, however, be considered as a 
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•commercial, orfe likely of teing oapabk cpn^feting with 
the production ^of .acefwie by .the destructive distillation 
of ^wood, b^ause of the* relatively high cpsf of the ra^ 
material, ^cd ftic f'<<^t tiiA the productiofi of every part of 
acetone involvcl the production of 2 parts of butyl alcohol, 
having very fitile value ^ortfidustrial pdrposeS, at all events, 
uls:. the jjrescnt tiine. Frcjjm the purely practical point of 
view,, the chief fiektl for investigation is the utilizq^ipn of 
the w^tc prodpefs. In a maize mash fermentation there 
is a spfid residue ot approvimately 13 per cent, of the total 
maiz« used, 'rhis has a* very high oU content, since during 
fermentation the mai»^ oil is untoijched. The albuminoid 
conteift is also fairly high, because all the ajkogeii present 
is not used up by th^ bacilli durinj^ fermentation. 

Andther problem loi* the technical investigators is the 
utilization of Hk waste gase. produced, the amount being 
approximately So#ibic feet prr lb. n maize used. Anoilier 
point iskthc disposal of the butyl alcohoJ, which before the 
war wa^i being experim^.xted on for conversion into synthetic 
rubber. 

Ig foreign countries the raw material can be grown 
cheaply and bought on the spot; for example, Jn India 
liupohshed rice migh^ be nred. Millet is also available in 
large quantities. 

It seems, therefore, th^ the future of the Weizmann 
proce^ lies abroad, rather than at home, although from^ 
the piue research ponif of view much might be attained 
m the laboratoricb^iii tins country. 

• Weizmann Micro-organism.— The mrro-organism 
used for the pioduction of acetone and butyl nlcohgHrom 
cereals containing starch is a bacillus of the long rod type, 
which is stain< d readily with carbol fuchsin but only lightly " 
with^th^ene ^''•ue. ' In a vigorous culture spore format' on ^ 
will take placi inuch^efore the lapse of *20 to 24 hoursy* 
Growti 'occurs r^adife^ in various liquid media, that which 
is most frequently beiag 5 per cent, maize mash. It, 
is poSsibJe to rear colonies on a solid medium made jby 
•adding 2 ^^er cent, agar^to partialTy fermented maize'Viasn. 
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A recipji ufeA with excellent results is iSoo^.e. wort of 
Specific gravity i’oo8, i p^r cent*. • of plftin, i per cent, 
calcium* carbonate, and 2 per Cent. agar. ]^at gently, 
filter, sterilize, and make up int^ tubes. Attempts to pre- 
pare plate cultures with this medium Lave blen unsuccessful. 

SMce acetdne is Mammable*teind has a low* boiling-point 
and gravity similar to petrol, it, works satisfactorily in «n 
internjvl combu»tion engine, ai\fi could, therefore, if produced 
economically, supplement the latter duripg the present 
shortage. * , 

Glycerine from Molasses.— Pasteur in 1858 observed 
that glycerin^ and succinic acid, in^ traces are products of 
the so-cdlled alcoholic fermeiftation of the sugars.^ •There 
is every reason* to believe that the glyperine formed in this 
way owes its origin directly to the sugars, and nof to the 
secondary constituents always present in those fundalpental 
liqi^ds, worts, must, etc., met with in ccnipieA:e. Despite 
numerous atten^pti to obtain glycerine in quantities which 
would be commercially profitable, up to quite recently no 
success has been met with. 

In the summer of 1917 it was known that the Gerjnans* 
were producing glycerine in large quantities by the fermenta- 
tion of sugars. 

John R. Eoff three months later was able to produce 
glycerine in swch quantities thrft if the aptua^ cost of the 
^recovery was not too high, the process would be commejcially 
profitable. 

The following is an outline ot his Experiments : The 
sugars were fermented with 5 per cent, of sodium carbonate, 
which jnust not be added to the liquid all at*once. A less 
quantity of the alkali diminishes the yield of glycerine, 
•whilst a larger quantity stops fermentation ; other alkaline 
^substance^ may be used, but sodium cWbonate isigpre^able . 
••n account of its cheapness. It jjiould be added soon 
as the fer&ientation has well started, and^ as laxge quantities 
find as frequently as is pofesibl^ without stopping fermenta- 
tioir.**' iThe earlier the addition of the alkali, the hightfr the 
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yield of gly^ rinje ndlf lie. Purd ycrst cultJes are most 
suitable, ^ad^the prj^nce of *ammoiiiJn*cfioyide in the 
fermenting liquid augx^ents •the yield* of glycSjine. The 
ihost favour jjble temperiiture for the fermentation is 30*^ fb 
32° C., 'higher temperatures lead to a loss of alcohol and 
^ycerine t^ad to the for^^ion of objecti.mable substances, 
wliilst smaller rields of glycerine are^ obtained ft lower 
.tempefatures. The mo^ favourable concentration for the^ 
sugitr solutioja lie between* 17*5 and 20 ^ams of«ugar per 
TOO c.c. Whfen fermentation is.completcy . wording to this 
method, 20 to 25 per-cent, of the sugar originally present 
in*the liquid is converted into glycerine, and practically all 
the j;eniainder into alt. hoi and ca*bon dioxide.. 

•When the sodium carBonate has bqen added to the 
fermj^nting boluti^ii in sufficienf quantity, a copious pre- 
cipitate is formed, the evolution of gas ceases, and the 
yedst api^rei'^^.y lies doi;piant for awhile. The precipitate 
eventually difajfpears, and the fermeni-ation again pr<iceeds.* 
It is*esseutial that the above reactiohs should take place, 
ooiid sodium carbonate produces better re^ts than if it is 
added in the form of a solution. The purification of the 
^efmented was^ is carried out as follows : The wash is 
iffiutralized with sulphuric acid, and ^saturated* solution of 
commercial ferrous sulpx*ate (copperas) added. The wash 
is then nearly brought tq the bod, milk of lime added, imtil 
there is ekcesLT of lime in solution, whm tlfb wash is boiled 
for*half ai^ hour. liquid is then passed through a fillfer 
press and the c^ke «t earned. The lime and coppesas treat- 
ment is then repeatei! and after again l^ng passed tjjrough 
a filter press the alkalinity is brought t( o*2 per cent. 
(Na2C03) by the addition of soda ash. It then filtered, 
pressed, and steamed, and the filtrate evaporated to a thick 
svtfup. It is thciy distilled in a still resembling that of 
J (Afbir.,*only about half the glycerine present in the fe^Lien^d 
^ isR.being obt. ined. • 

^xperfmeiits have been carried out on a commercial 
st^e, using inedible " bladk strap Porto Rico nK)l^a|ses ; tas 
only half thg* glycerine prese^ft in the fermente^ wjgh ij 
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recovered aV crude glycerine, the lyield work^ out therefore , 
at about 5^ Cu 6 lf)s. per cw\. of molafses deajt wifSi. 

Howe\?er, the ^-alue of tHe alcohol at‘ the present price 
-Should balance the cost of all matei ial and ovorhead charges 
entering into the production of the •fermei<:ed \fash ; so 
that the only cost to be consideied ^pr the glycerine woiid 
be thaf of purification and distillation. 

Experiments have also been caVried o^t with cane sugar 
and starth glucose as fermentable material. ^ It was foimd 
necessary in tlK;se cases to employ yeast fobds that*delc- 
teriously influenced the purificatioiY of the glycerine.*^ It 
was therefore concluded that these materials had no 
superiorit};^ pvel* molasses for the puqfose. • 

As molasses iij Australia an^Fiji are waste products »and 
run into the sea, the pre^nt process should be of g/'eater 
value in such countries. * ^ 

In Austria during the war large quantities ol glycerine 
* were •made by the Connstein-lvudecke prdbess. In this 
process the fermentation proceeds in presence of sodium 
sulphite, acetaHleh^'de is produced in equivalent amount 
to the glycerine with a maximum yield of 38 per cent. 
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